llMlilii lliiilttiii 



WO 01/235% \2 



3SJ sej-stesifefif mm mm.2sms 



am ( 



M i \ it ( > i ^ > \ 

S f i i i i fMN< J > 

f [ N N i U 

(1 s% ( i\ Ki JO >« kHn Von f- 



Mm fS H f»S, |»0N »F >JiM<HS*S AN» 
n sis I s 



I 



f 1 



m 



wo 01/235% 42 iiiii iiiiilii iiiiiimniiiiii 



ik i-^ in i\ M M!> Mt., X1K M\ MX 
M/ ^<.> \/ H in <v» N S<.. '>\ 



pts!,m \M \/ k/ Mi 8f I iM JOjv 



> f < M t.A <.\ f VS Ml X'<^ N$ \\ U> ,V 




wo wmm ^cimsmmms 

PRODiKl K)N OF PO YHYI)R0XYALKA^^OA U fN PI \X|S 



CR()$S-Rrri RFHCE rO RM A I i D Af'Pt :C A , ION"- 
i hiN plK\ib>^r ^. SON bendlt of U.S. Psovij«ton4.{ Patent Appisc^tion N^i, 

p e^u- t 'ijcL'Cx th. g^.!K! - . ^> o -> , tM^ ro. the 

production at bnhic$f<\&^h\' xhCfm%)pl&mcs.pdiUcnhrh j:\>lvhvv.''r^\\aik-.wuai«' 
copolymers. 



10 BACKOEOOND OF THB INVENTION 

Comprised of polymer* of a variety of organic coiupoyads, pkisfe c-aii l?e 
molded, extruded, east iato vasious shapes aad film^j mi mm drawn into fihets. ft Is 
such versatiUty that has l«d t» incorporation of pkstics snto a seemingly ©ndless 
Kttmbef of produets. llus, plasds products imve become m integml of eveiryday 

i 5 m indmrMh^ society^ the demand for these paxsdacts is expected to grow » 
tl>e wotJd popul^joa gfov^s atid <.e\olopmg cowttrj<.<s rtxni up tVt twouoniK la^y«f{ 
Ho-tt-^ver, synthctk pJa?«ucs are siow to degrade m {amifilSs i o ffn 
brtfakdovs-a the mtnomm a«d xixw dernauves resulting t'<. m t< s'iot s.u'^ 
viLHiAih besiWK h i i! o! N ! 1 H hi. ^1' ^ ihjt ihi. i)ris.kv''aie I pt hiw r 'V tn^kAs 

nii\t; raised lu <UK'\^ thi, rk of ^sp on'^^'' m o! the i;nv'-<M-!,mcn{ il \ 

25 juhes.i/td h\ a ^ar \ i. t>-sa as vtora>.'v p^iK 'nets trsatr s{rv-Sv«l vo Jit irs 

Buor^ <\} (Ncv^ ^ori'\t,vmf:isa>IWishc«sltd ) |v. p, - KOPHVshsu 
themiopksiic properties, that k ihey become soft when heated and hml wlie« cooled, 
atitd are M\y hiodegradable, they ofe an attractive alternative to synthetic jplasttcs 
30 (Bra»dl (1995) Cmi / MkmMoL 4h m4 53; Bytmx, D, (1993) M 

BkxMierkm Mmhgrmi, Skm-m^; Lee, S>Y. (m(>) Bmtechmil Bimng, 4MA4; 
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n^wmheuil iW)J}Msi. Pap. Atrm: Chem, Site. 306:22-27; Poirier t-f «/, (1995) 

Bioiachml i:29l-297), Uftiike imm-m;sJf -phisucs, the pjoduction ofPHA by i-virig 
OJgamsms jis aot depcrsdcnt on finite s-sat^;.;] re ^oufces Wkc petroknun. 

copoivmer hy fermeiiUition, i.s conincfcialiy available {Posner «-/ tf/. ( ;995.? 
Hio/tixknohmy! '^iH Puhl / : ir :50) f irav^ver, fippfOKimatefy $7 per 
fs:>uiKl, thi5 polymer is nsuch kkj vxpcriMvc m mmptifhon k? ihs. syijthctk; plasJks. that 
have simiiar propcnics but are cheaper with a price of approxintak'iy %0.S per pound 

iO i Hkki- i't al { 1 995) Bio/k-chnoh^y h'aL Fuh! Co. U2- \ 50). Th^ higher cost of 
Btopai restslus pritnariiy from its coj^r of production, the main coniribining f8£.;tof 
bekg tiie subslrale (Foirier al. 0.995) Bm/tecknoiogy Nm. PuM. Ctx iS: 142-1 SO). 
If she PHAs mtx be produced ts plants, the cost of production eati fee lowemi 
subst^isally Niotusse polym^r^ would eompiite vvjti) ssj^ssd oil «^ Jiatuml st03«sg« 

1 5 coBstitueats of the oeU. The eanettt market price of plant s^d oil is feetweea 26 md 
M mnu^p^mi <Ao«jKymo«« (199$) £cummk R^^^mreh Swvke (Washington, 
BC 20036: US, D&pmtmmt of Agricuitiae). Only afoo«t 40% of the €$i«rgy j^tjsied 
to exletid a Miy acid chain hy t\v0 carbons is expended on extending a PHA chain hy 
tbe same kngtk StJMftbg with acetyi-CoA, a two carbon cxicRsios m oil biosynthesis 

20 a^Quires two NA0PH ami one ATP. In comparison, only one N ADPH is needed to 
accoatiplish the mm for PHA l>i<»$yRth«$is (Figure I). "Hjeofetjcally^ tnore thatv two 
uftiis of FHA should be formed for every unit of oil c^piaccd. 

lHm\ rec*;nUy. the only PIIA ihat ha» In-en prt.>JuccJ in plams was 
j;K}!;«hjiJr(>x}'butyra}e (PfIB), a ht,)mop0!ymer of i-hydri>\>h(ihnc acid (k^hxi 

2$ (1^%) PnK. Nad Acad fki UM 9J;i276«-127?3. N.HM.«h (--ta; ( m4] Pu>, Sari 
.■it-ad Sc'i. USA 5 2760-I2764; Padgeite <>( t m") Piaui Pk\ ufi L^-^ ^J^uppi ) 
3S; Poirier ct al 0 991) Sdence 5.iO->2») Because ihis p* >!ymcr is cr> v;:i!l!rc 
;?«d brittle with s meWng point o c'<--c to ^-^ d^f rad"tt<n po^ni, PHH ts di;Ys.-uh to 
Hioiv! imode.^sK'i'ie ptithscts u Y ( P (>ft\,w.>; Buh'tv^ 4^// /-.'■?> Ktau) 

39 bruteria mAe copt>iy o'er?; of ^-Iv 'ji'^v.ilk.r-i-io M-ui^ vath Acarb->n char> lcnj.',th 
greater thatior equal k> live (St^\ri:H!(„licL A <1'^*M ) Pionuuc'tiis ,\,ni^ m!}h^u;'\ 
frfim biohgtciil m(m'rMih\ D. Bytyrt). «,»d. (Nw York; Maetnili^us Puhitsr.ers ltd,), pp 
123-2 i 5) Such co|x>lymm are poij esiers composwi of differ^-nt J-hydroxyalkanolc 
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scifi mx>nomers. Depending on th& com|K)siUoR, these copolymers cati have 
pfopcflics ransiirsg frnm firm to elastic (Aixiefson ui (J 990) Microbiol. ^t;v, 
5 /:45a-472, U^:, S.Y. (1996) Buxeckml Bivmg. U»!ike PHB, Ihe FHA 

copot) fnersi are suitable for a variety of applications because they exhibit a vvide m«ge 
5 of physical pr<>f>erl jes. 

U-itiai attcmpt'i <u pusdiicssic f'li.-X in trsr cytosol proved toxic t«> the pte 
fPotrier t'/ al li<>92) >V., !on<\' .\^''i-5::(»-51",). rbi,<; problem ovefcoms; by t^vgeiiiig 
lite PSiA-pr<.iijucir!g t'-^zyvr.c,^ kj piasiids (l\-awrat!-! atai. ( l<?^>4) /V,jc, Satl Acad Sd 
USA 9s : \ 2?60~ i 2764). in e-thcr ceUuiar compsrtrricm. however, only FMB was 

10 acctuntilaled^ noi any of the cOfx>iyjners, Wiih both of liK;$e. nuttlKxSs, the genes Imni 
Ritismia eumpht {also known as AkaUgivm eum>phus) useii. The PB A 
syttthiise of {his bacterium can mili/e only short chmn {CyCs) monorriers 
(Stctnbtichel, A. (1991) Bwmaiermis; Novd fmrn-mls/rom kmhgkai mater iai.t^ l>. 
Bymm, (New York: MacmiUstt jP«bH$hm Ltd.), pp. 123-2 i3)< 

1 5 Receatty, ttite symhesis of 1*1 iA contammg J'hydroxyalkatioic «cid tnonoi^eirs 

Tanging from 6 to sisiscn carboe in dmbi'^psis thiximm rs!port«4 <Mitt«rid«3d'<f? 
id iim) Pr&c. Niiil AiM ScL USA J?5:13397'O402). To acc«mubte PHA,lhe 
Arahidojx^is plarsts vi«jr« tmnsfonned with a aucieotide ssequence encotilng PUA 
synihassfe fyom Psmdomoms mupmsa thai was modified ht pmmmm^ iargetlsg by 

20 the addition of a nucleotide seqaencsf encoditig the C-tetrntistJ 34 mAm aeids of a 
Brmsica mpus tsocitrate lyase, la these plmts, PHA wa$ prodtjced sa glyoxysoj*5es, 
eaf-f> pe perox st?mos t»)d vacuoles. Ho\ve\e , '*\IA produujoti waj, very ^ow m the 
Arahdop^is pknl , hu^y, -iwg thrt euher the imioduocd PIIA synthase did not 
fURCtis n pn*fcris tn thf jmeotkd otj;.ine{le or t««!-e likclv that the ncccssan^ «uNifak!$ 

25 Soi t K n'rodtti^-d '*li<\ ^vnthi'^ir e prtst. J a 3t;\<r!*< i iM v^ete hi tu-!)g for VHA 
s\ '*hv\! ! Wbile th V iVfH? f tjt?n nisJrittd ih<Jt P I % v^n be produced m peroxisomes 
ot ^ <v,tv tix ii-Xv.. <. PL \ proJ>. ed ihe piantj* was fat belos^ le\ds necessiaty for 
the i ommv^K j<?l product on < * i H > 5 

''tc hvid-. sijv pHHKkd h>i puHiUvtfU' PHA. and m vrnu 1t<ik f ) >!ecuies ?K*nisd' 
so piants. The methods find use in the prodijction oi hjg}x-<iUtdstv\ btodegraiiable 
thermopU^\i The mvcntiott p^vldes en\ b^t>meni<i iv tt v \dly ahernativ<,» (o 
-3- 
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patmlmm-hmad m&ihod% ibr pnxlucfng plastics. The methods involve geneticany 
manipulatiag a plant to ptoducc cRijymcs Ibt PJ iA synthesis in iix |x"roxisomss. The 
tuetlKsds comprise stjibly inJcgrattrty in the gentink* of a phivA tujclcoiide aeqkK;iHX;s 
efic-0di«g enzymes involved in ths synihesis of PI :' A, preferably VHA copolymers, 
5 Also provided are plants, plam tissues, piaftt cdh, asid set'di; thereof, ih^i me 

gencticaUy jBiUHpuUned to ptx>tijice at kasi otvsr cassyme invoiviesj in th« synthesis of 
PIlA in plam p<i.^mx!SOTnes, 

Nitcieotide tnoiecuki; and expressiori cassettes comprising nutieoijcle 
sequetioea cnc<x!i;ig e.n?.yrne& Ihs; can employed in ihe synthesis of V'HA in the 

10 j.iejox!SO«?«s <.ii pkmus u<i provided, in pjtrticuiar, ti5<,* inveistion provides nuc!et>tide 
fTioiecules et^codittg a maixe MFI'2»like po{ypepttdi% and tragmenis mi vmm$ 
thereofl Addttiooally, the mventitm provides nucleotide trtolectilss comprising 
nucleotide scqnesces whkh cmo6& (ot either tiK hydratase or th« dehydrogeftase 
domain of tite yeast mulfiftincttoMl proteln-S (MFF2), Such micl^ide molec«fe« 

1 5 encode novel eazyms* wfekh find use in PHA syftthesis m host cells md plmts, 
partkukffly m p«roxtsos»«is of plMU, ls»l#8<J polyp«piid«s «Jieo<kd by the 
jjudeolMe molecules of the kvetiiios md host cells tmjsfomied wvlh stjeh nucleotide 
tao!ect}les are atkJitionally pttwided. 

ao BRIEF DESCRIFTION OF THE DRAWJNOS 

Ftgt»re I schematically depicts possible Isiosyathetic &Up& for producing HIA 
m plmit peroxisomes utili^jng esayj^es froia bacteria. 

Figure 2 schetnatieaJly iikstmte^ the fitli^ength yeast taultitunctio«al protein 
*ru*kated of yMi<P, and the maj^e MFP? like polypeptide 

25 i: tgme ^< vhtnwi ilK de^ V'^ !ht bsusv iiniK pitl h ixs lof .he v,i'tj 

^^HH ans,' PI I V vOjxiK'^K'x vNhs*,' tsrt. tomfH"iseJ ot ' h on v-shuK roK ai-ui r ominKTS 
assd other J-hYdroxvslkasioate i«onomers- 

rt.Hifc i s< hcm-^tn\sl \ ihi ^nt<. ^ > } mctiovj .kss-v (u a.'-cnos.-s oA 
IvdiM.st taai jtiivv- ^s'ti,tsiSi>M< ( > ^ in<'.n\ <; < \ i sndru^t 
0 ton\ert^^.rv>ton^l-CoAtoR-(~)->indr>'\\<Hv}~t, >\u>Kh!'*het atji^d'^st^ 
suhstaite b\ I'HA <^> ifhase to lorsi po \ niOi , PI i \ \\ nthav h Its 't. ' 
R-(")«3-hydroxyacyl-CoA$, but mt S-3>hydroxyacyl-CoAs, Oetectioifj of pcsiyBier 



fbrmatloR in the presmce of croto«y|-CoA demoMtrates ihi« 
R-('.K3-bydR)sy8cyi-G«A was pmduc-^. 

Figi« 5 h s gmphical depletion oithc r&mim of si functional assay ftjr tfee 
acth ity of a 2 e«a> l-CaA hydraiase thai catalyses the sj'«yig$is 

DEI AUJ-l) DbSCRlPllON OP THE INVENl K>N 
A R«mbey of terms i«d l^ets ate defined m4 cisniledf in the fbllowing 

section. 

10 By "FH A copolymer" ss trtten^d a polymer composed of at least two «iif?fem« 

J-hy<fc»i;y4lkt80je add jMSOiMrs. 

By "t^JM homopolymer" is mten<j«d » |X»lym«f thm h composed of a smgfe 3- 
hydmxyaikanoic acsd mosiomer. 

By ^mtetasediate malecule^ is inteMed a precursor m the bim^th«?tk 

15 jpathvvay for FBA in a pte, Becaiise l*HA is aot fctwwn to occur (laturaliy i« a plmi, 
iJie fej0$ymMc pathway for ^BA in plant additiotssily eftcompam^ 0n«ym<^ a»d 
products thetieof that m> iavolved m FHA syutixesjs which fes«h 6x>m ^e genetk 
i«a»ip«latio» of the plant, Istermediate molecules of the present invention include, 
but are not limited to, fatty acids mi ^-oxidation ptoducts ded v^ thefcfrotWf acetyl- 

20 CoA, acetoaeeiyl»CoA aad other 3«ketoacy1-CoAs, 3»bydmxybutyryl*CoA, and other 
3~hydroKyacyl-CoAs. 

By **modified or «s«s««r* &»y aeids is imend*^ fatty acid$ that have ^tnictnrai 
features such for example, ati epoxy group, a triple hoad, md methyl braiching. 
Such "modifier or tmasual" fattv acids inehidc. but are no* limited to. vetnolic actd. 

25 petru'>i, u!iv.«icHi Mvauh!,a*.ui ih uiiUKK^kTiu Hv.id etucjc acid, ncmotetc acid, 
tabcUviJa kkI <,>xx^fvttv Kid s <,Htohc <K id 

\ lit prt^cj' ins<,ii h■!^» ^ v. ^is^n U itivlbivK jnU <.inj\i.<> iiu^ pwu t, sim 
P! i \ m pi ifits P i-t«cu u*- % iht, fr<,^<,i\i u %,_nt'<a ps vi^ki * pfu\t.i fjuihovi^ to*' 
{>tot. utifii V ( p! nt pfi mnot * s [h<. iK^ihfl tfno sn<.ri,(ssn5> he lcv<h f 

30 ril \ PR d«^,«J i»i , pl^ifit b\ mvfva'-jng tiK 5?> jithvHjs oi U k*ut t ik* .utv" rt-sv a*., 
mil cuk it' %sM*h^M-> i huv the mvJtt (.hK noK^. w dihnu' rtHtil^^ht 
f»KC?k>M oftlte pej-oxisom« to allow for iacreased pfodtsctloa af PfiA m a pUnt. 
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Kkn^ (vj lor prcdiJtn),, PHB in the v-V J w>l o-- pL U is i^i pi mN {(^r 
{>to<,ktt.t{ <l.{\ }. I ttOKsnoK kno^'tti if ii. iti k'>\v%ti swh ut.th 

vOjx^Hr^er-^ sn p!.in s ? h» pvt.->v.~4! >n%en!'on HHohv.\ ^'cnvnt^^ii \ m'iaih!n<i "Hiai^K sr 
s »i.h a tVM ni.i to '^t m«,Ub>{u fututujn . o\ }hs, pcrov.'sj<MH' l>< m hl 
oi c tbo . to\%^<i Pli'V i>tuhesii> Such pl^tius Jlnd u^»? m pa'terred mvUcxI^ 
10 produeit-g high feveis of FHA Is ptes, pajiiculartjf in seeds, rmm f^rtjcularly in 

Methods for proilacmg PHA in plants pmvid&d. Th& maJiiodss tav»ivi? 
gmetieally maaipulatiag the geaome of a plant to dii«ct the synthesis of PHA to tl«? 
petoxtsomeSj prsfemMy pm>xjsmnes in developing se«ds. Tht* invention 
1 5 encompasses pIsHts and seeds thereof, that have been genetically mampubted 
produee enzymes isvoived in fUA ^mhm% and expr^v^ioti ca^ssttes coataiabg 
coding sequence* ht such ert^ies. The iBveniion fodfeer eiicomp5asses gemlicaHy 
m8»jp«teted plaftt cells md plm tissues. 

Feroxtsomes, whsch are also knows m aikfobodies;, ate sm^ll spherical 
20 offaadles. In plants, there aje generally two types of peroxisomes, leaf»type 

peroxisomes and glyoxysomes, Olyoxysomes are pjeseat m seeds containiag oil, 
particularly dimng gennmatjon (Heldt { 1 997) Plmi Biochemistry md Plmi 
Mokcuiat Bi0h^'^ Oxioid I ssvt ' NY) in the ptescftt »n e'ltjon 
"perox)s<-^m*.*' t-^ int<.nded to crtomp 8\s ill pi.'-ox{»»ome'% tound m plmt iK 
25 mduui Mi ni U tilts \i iMUts a t (.bodjev 4.iK t>i<.yUH)me^ 

\K M v1^ ^ ? KH i 5 ^-nr*-.i V liio PHA sa A plan jtnohnt, «u -t . 5!K 
in uipui iUi ^ Ok p n U n «. Kk*, !it pt'ovis sn t,^ Uiv. i i ^i^u^/^- iu ihv V 
1 K)N\mh tic nu! s v Ih | hiss si » '^•^ntu n <: k ) i on prise (ttn Rt^iionus ixt 
it ^-t tuu sS ibh irt (, nor u i PN \ v. t. ? HUW ^(-nwru^i i mp-i li « a 

I umout f iJf i'i^-ts 'hi. exptvssi^n oi -i «v.n., in j p fi mis ("^t th<. imt.tu on xrc 
geseiicaUy manipulajcd to produce » PHA svmhasc (also ki>owo as a HiA 
p>h mer<i;sc) {hat ^ .i ah {x'>H mir w ntJiests Pr\.'tcrabl>» Mich a PiiA s\ nihasc 



<, a<)K/;»s fht s\t tlw^sjs of v,o|K>Kftiefs Molt prv.'ft o'^ « ' PH \ \ i[t*n«>^ 

*> (.op* ! nursvonprts Jot I Mi iok i n<>) i mtr s-^i '>( t 

adtknoital, sui^iiouit' iiu^iS*, t ' %d vx% *t jus ittv , n*- (ujio iivtjt > to «hf *t \^ 

^(.(.iiitiKi-s ! ( iat i'^ c from }'\<.ui.,i ni>tw> >n ni>' Htv-oti k ^<,<-<„sNi n\ \< 
\t^^^44^ sM^iDNO 3J) ^^Kl<«omm(^^ put a. k UasM>!f\o a U:: o 

M) 105. 4«rf>*«d»<5* jfmM^ (DD8J Ko SbQ it) \if I), artd 

Thmmpsa pfoMmgH (fiMSL Accssslott No. SEQ 1» HO: The prefmed 

PHA synthases additiooaily iftCltsJe the PIJA synthases encoded by oueleotjste 
seq«eaees miatable from Psmd»mon(i^ Jimyrescens (See U.S. Frov?sso»al Pa*t^ii 

1 5 Application No. <60/l 56,770 iiied September 29, 1 999; hereia irtcotporaSed bv 
refbrmce,). In certain methods of the invention, the majority of FHA eopoiymers 
produced are comprised of monomerst of chain-length C^. to Cjs. 

The 1>NA comtnwts of tite iovention each cot»pnse a codi»g se:<|«ence fbr m 
eaxyme mvolved in HIA synthesis operably Unked to a promoter thai: drives 

20 expyc$stOR in a plmt cdl rrefmbly, the promoters! are selected from secd-pmferred 
promoters, chemleal-reguiatable pnjmoters, germinatioii-prefen'ed prOittOters, md 
leaf-^fetfSii promoters. If «ecessary for directiag the encoded protems to the 
i?eroxisome, the DMA construct can include an operably hnked peroxisome-taffgetlng 
.sigsiaJ seq»e«ce. 

25 i! V Kxo»i! i W ' l> p (sj ,^ ^ k^ I kn??\ fl VWX isOifoi^mers ir tarn 

p5a«i^ 5\i.laJ!i, ?is m Sv-sr 'x ri > nos n m 'v be ^x\e\- ir> to g<.' (C>a\'l % 
tnAtupaUttv- punts ii* puHlu.v- .tJdif oswl itnoixcti P)? <\ svnth-N n 

Ocncn*! ■s , the aaditiOTi *1 ^, xks .t. o !v\k>k.> t v V!>i\ sanv to jmsiNisc tV 
'■>nth«f.J5y o{ .it Jeaivt op<, f !orfnv,s.k v"- * t,(.v s. \h t^vrnpit; \j (,h an if(Vn.^<,<J 

30 iwi^xyk <..M5 l>c lUf ^vsb^%jt', a K l \ ^ 'uhtjw stK ^iduj.si, In t jA't iinsted to, 

moditying plants t» pri*dyce, m addujon to the MIA sysiitiKtse described sup-a^ orn^ 
mo. three, fo»r, or more *ukHtbm! cm\ mesi tnvoHed m I*] lA mhesis Preferably, 
.7, 



t;a^a D\ \ »l^^r^i\ t cs^jijp >i t,<\h t<^ q< < ni e of otje of tlw'ie xkl *t.-^na' 

iR\U)! h ^vtnil\svn<h^ ) h ill hi K4h\>ni\<i^r mt^it.hi K Hi 

Vdu no wlK Ik p m* oitlic -^vcatio s *.0J' o -^v in it*. y<: k ftu i K 
10 ct>nstf ua comn »Nfnt» coani^' ^t^ijutrct. f >t ^tt.v»id ?h \ s\nt\ jst. Pa.ft«->.4h'% tht. 

synthases inciuda rJ^ose <incoda<S hy n«e!eot!<la saq«et«:«s isolatafele fram R^ktonm 
mtrt^m (GsnBmk Accession Ms. J05003, SEQ ID NO: nX Acimtohacter sp. 
(GeiiBaak Aecessjoa No, Vmm, SEQ m NO; 14), Aimligems htux (OenBaife 

1 5 Accession No. AF07879S, SEQ ID NO; i 5), Azorht^bium cmlimdms (EMBL 
Accession No. AJ0a6237j SEQ ID NO; 16), Qm&monas acMmomm (DDBJ 
Accession No, AB009273, SBQ ID NO; 17), M^thyhbamrmm ^twqmm iO^nBmk 
AcOTOft No, L07893, SEQ ID NO; J 8), Paraeoecm- dmifrificms (DDBJ A<;c«$S{0« 
No. I>437a, SEQ ID NO: 19% md Z(H>ghm mmigem (G«80atik imm, SEQ E> 

20 NO; 20) 

The mcthi)4s of tlves invention ad<iitj»«aily comprise growiatg ika pimi under 
condlUom fsvorabie for PR^ pr«>d«csk>n, harvi^ting the pimt, or one or t«0j« parts 
{hejE«of, md ml&tmu the PHA froaj &e pism or part thereof. Such parts iiJcJude, hv^ 
iiTvj n0i Itmned H) >covh les%c^ >tems, n»^r<< frwis ^idtubm 'FhclHAcanbc 

tv\fu olw ' t' \ i W iP22% WO 97/07230, and WO 

V?.' 1 : herein sncorpimtled bv relerencs?, 

\ fi„ m\ erHon p-tu di. s m tr >ds for p'^o iac, }ncrv..i<-t^d Je\cK PH ^ « tne 

s«unnci^5 jt.. ajokt,! n iht pv,n ^isom^. rt't mv.Jh«v ifn^(^^. d'\t''t5t ^ ik'Ouxof 
carbon )« ihs pcxxtKimmc io tavof ?HA svothests over endogenous ineta^xxlic 
pjo<.e<»v> SI oh it r ^plc |J-o%idaaoft In a first a^pccs of the mvcnrwn, p\mH 



In ,x ^noixl a'-fK\5 o\ th< mNcniKiiiv p'a.Hj> arc gfunic* \h nu^ .^uhH\\ li in%. tJ\ 

\budA>p<.\\o the me'*ot ^ ^' sjv ^i^Ja jv^*s :>> pfo\ 

i>l.m?s !* <^ft. ;s>\ct.i, il \ HMnjp r<. u ^i-ON u<,\v i>t N>(h 

HnheE i'^rv.s.(.. r ^ o 'h > h< ! ^cn{s caji K* vi^vtJ to 

pr< ducv i h \ v.n > >■ b inn . \ e f >of > ssi-f uoaih^^s ^« pi.-'Kul.ii x'-t^^ 
icvd i't ■> !i%ato\sJ.u!uri k .uu sn the \ ^-sri^^iuvxU m a t u iU i <, hju cAch 
1 0 aspet.t i-or ejci part'c *Jar i\ pe of pianU i \ proJuceU h> pi&n ^ i-t t*^e or 

thif^i aspect ef the mvmuon js expected to have a htgjier ."^-hydrnvbuyf ojc acid 
mononier c«atiesr than PHA pitxkiced by plmts of the fjfsi aspect. Similarly, FHA 
produced by plmu of the second aspect i« e)qE>ected to have & higher 3* 
hydmxyb«ta«ojc acid mo««tmer content than PHA produced by plants of «he ti«rd 
15 aspect. 

In a first smbodimeRt »f th« invetitJon^ methods ar« pmvidsd fbr producing 
FBA involving genetkally manipulatiEi^ a plat»t for iooreased synthesis of 
Rr(-)-3»hydmxyafi:yi-CoA, a key istertnetltste molectiie m FHA $ysitj^$js in th« 
peroxtsortKs, The metijods com|53«sc stably integrattftg kto the pmotm of a plaat a 

20 fmt DMA constnict conjpdsing a coding scqiJC«cc for a FHA synthase, and a second 
DKA construct comprising a coding sequence for an enzyme that cataJy^ies Jhe 
formation R-(-)~ Vbydrox>acyl-CoA» a substrate of PHA synthase In (5-oxitktion in 
plant pefoxi$omes, acyl-CoA oxiia'^e catalyses the con\erst <n t.<5 i.it:> rxyi-CoA into 
2«ctKi>i>CoA which is suHeowcmh totnortot^ i** S-( ^ ) ^ Jr(^N\vic>' CoAn'cj the 2- 

25 tfKu1-0*»A induUhe c jv< u\ d pKneui Wliiis? some 

R-(-'>^^-h\dr<,A> ^o>i-( \ K p'->.-c'-i in pc c^XiSome-- tK ts?vlH'\cJ U-^ be 

\n^c aiiO H'^^uf-'lcicnt to ,iLo^^ ioi liiv 'JtbCMs ^tn vCvj m\h\il \ *u\»^ptabjs 

h> Jrr\<. l-C oA fiwnor.crs p K-i ) '< nn i< F i A n\ tu'-icsis i o o^uvi^n^* i-ic 
30 iuHlSvtk- ii'utyuysi lor UlA ^U-AiiS. a.c ^.-Ji-v -t i;i\t;?it>ori vi(ockv<^ ov^dwdi Kr 
PI i V \\ tnh'^NtN vt.irb (nvoUc pnnuijrs:? a ii!<w t v, it"-, «r. f OA Tk' in fx-'i sisonies 
that catalysies the fomiatKMi of Rf--}-3-bydfosy3cyl~€oA. By geneticaliy manipiaatiog 
a pUni kJ tncreaise the ^ynthestfi of R-(-V-?'*hvdroxyacy!-(>A^ the present invention 



uv^fj^ome-'i^i tti'iissr 'T!}p*,dime«} to kKjivdu huh pin o in ph*\ts o{ l*H \ 
Pfin? ^il nh t<}p<.>h mvrs Su^h <a tTt/\ nt, t,an V i v^ioN C t> \ fn dr 5n <. o 
v-i'iih/cs ilK NVf ihe is R O "* lndro^.^at^' ( a\ p » s uUtK tn 2 sm\ i o \ 
hjdrii--rot hf » *w / ^ ) -Jb V.c s( \< 1' S(0 SK>tD\0 :n 
5 \Sk i u >. <vNp j * !r ni'.i.jss m Ti in m^ut.i.\ ] ht, 

10 t. i n it<x! is i ruili tuiaumji? pmlciii t>r Mt P i ii\>n faj c Q U> NO 2> 
w mch aHo possess an l~L&A hyim&^ acts vm T he ifi\ entK^ft turner 
pmvtdes tssolated rittck»«rtde mokcules encoding such a majste MhF24ske polyi^ptide 
(SEQ I'D NO: I}* The hydistase of the yc^t muMmaim^ pr<Mm m4 make 
MFP2»ljke polypeptide is kmwn to yield R-(»)-3«hydmxyacyl-CoA pmducts, if 
! 5 necesssiry , the dehydrogenase activity of She yeast mul tifanctional protdn can be 
elimitiated or nemratixed by me^lsods kmvm t» thofsc of ordinary skill in ih« art m^h 
asj for example, site^dirccted mtitagene^is, and truocation of the codtag se<iu«nce to 
only the portitoa necessarj' to etvcode the desired hydmase activhy. The jiwentlon 
provides Isolated nucleotide mokcdes coRipn«ing R«cieotjde sequei^ees whkh 
20 encode cither tl>o hydratase or reductase of the yeast tniilti&nctiormJ ja-otein (SBQ f D 
NOs: 4 and 6), AddhbuaUy pranded axe isolated polypeptides encoded hy such 
sequences <SEQ ID NOs: 5 and 7). 

Other multilimctJonal protems kn^nv-n m m can ht uu i J m the nit'thods 
ol ihs »r«"!eftt inxcjttson Xtn tniilttfi»rt».i otud ptxi ein po^ t^-> ^ j dom«n 
wnpt ss(ig-\„ tno%S U < ^iu i - iul piUif>sunih/ j^iiics, Utfss^of 
>i \ 1 iro^^ti-^! ( o \ L lojtd ir ihc n ^thtxK i^t n\<tnti >*5 

I he Oft t. % pi 3U«iN u{di/!,J js iR <,! d « v^ahze^the 
♦■>r\it! f't R i h^^.r \x K\l C >\ s ^ in s 1*. !fl!«u i 
fndi.-^s^buUi K \Jvh^U tnic c iK i * ^ ^ < s,^ /MhW- 

seq^Hx ^1 ixU* •ik^vid r di^ ^tihod^ <d p! ss « m t. fior Ui kv<v edthfit 
the nucleotide sequence ei5ct>d:ms? this enxv'me can be moditied to after the amino acid 
sciitjence ol the mrs m^i m \vich a tj'ianner a> to ia\orafoH affet-t the pr^>ducnon of 



\\ <> ti ! 3 ^ n v{ ^>«$, urns 
R-i -"i * h-s i'io^ X 'V U < 'o'\ <i pidiij Such modiftcjitsons c\ii{i aft\<ct chancver siifCs i>f 
the ejvx mc suvh o-. tor exoitjpfc, i>ubi>tun« spt;cjricjt\ , pmUuct ^-pcc.'st, *> , p t i 
mh bit -vthstrfc hr UT»^!K p^piluct hmi*tr« arTmu>. and ihc %k<! A ntoiho. 

trt\(>i%e jnodstjtrt}^' at Sea\r <i jM>tuon ol tht.' j u^lcotitlt* '.oqik-nc? en<.oa^j>|^ \l i.- i.t)/^!t■!^ 
>md iiiviude, Hul pot k\ DN \ shutf sng ^ite-<bxcK<xJ nusiagenests ^.j J 

10 racdom mutiigen^sis. 

In a sccoftU «mbodjmfi«t of the m>.<:mi<>n, meth<>d$ are |S«yvtd«<j for 
PHA mvoivmg gene*K4»Hy msnij^wlating & plant for mereased synthesis of Ry<f ).1~ 
hydroxybutyryl-CoAj a substrate of PHA synihase, in pemxisomeSv Thfe methods of 
the invention |*rovtde a plmt that m genettcally tnanipubted for iacre^sed sytithesls of 

15 a $yb$trste isr a PHA synllsase and th«s provide a plant that is geaetkaliy 

t«SRtp«la^«s<i for liigh^lev^sl FHA synthesis in its perosi^m^s. The methods involve 
stably inisgmujg itito ti)e geaome of a pimt a fix^ DMA co»stnsct compdslsig a 
coditig sequence for a PHA synthase^ Md a secoad DMA coostnici comprising a 
codiag s«q«ejKe for 3-ketoacyl-€oA reductase a tMrd DMA cot>stn«?t comprMcig 

20 a coding »>e^«en.«? lor m SLtts I CoA at«tyl tran ferasc Tb. first second %n<i (hitd 
DNA wftviruct osch add»tiOJ^^1]> comprise an o x. < b!v ImkuS pa-* iot<, th dj s\<,s 
evptvvs oii m a plant tcil anU tl rece<isa'> an < perabiv hnktd ro\5v>jnw {"rs^et ni? 
ig iai stqoe* AwtvUCoA «wt> ! tia«:>ferase alvo retened to as ketothtolase, 
tatalj ?eH the svn ht.<ti (^f ateto^tt is i CoA f?om two molect kn of acetv i-(^o A 

25 Avctoauavl (. ^ \ v m hu K v. >! vtHv\i uu j K ( ) < Inuo^ .kitu'-! t. o \ wif i 

reduciasc, 

)ndr£?t(cnco<\db% inr-Bn' \ue>sic« \o I > 4 t> "^IQH \( } \<h Kins h 
^ podtoj) vo i ptJs? a 1 Ub^^icvl Li} \ todutt^iv do«um ( «*tjUi, ut n il p <.tun 
having a 3-ketoacyl-CoA t«dociitse (dehydrogeMse) dooiain caj> bo omployed in the 
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«iefhods of the Jiwrntjoa, Hmvever, In the methods of the mvetidof^, NADPH- 
dcpctxknt >-k<;toac.vi -€oA reductases can also he empioyed jncluding, but nox Hnjifcd 
to, the 3-keK)ycyl-CoA ritxInctitscN CnctiiJed by ihaH^nk Acci-ssion Nu, J04<)Ji7 (SEQ 
ID NO: 23), 

5 PseferK'd iKCiyKC o a ^jctj } ' trari-M'^esasus of the invt,>rujon include a radish 

itcs;fvl-Cu.-\,;i»xi> 1 uao.'sfviiise encoded by the tiuckottde sequence having EMOL 
Acccssson Ho X7JJ I \ $ (SEQ ^^0; 24), 

If necessarv to i«c?va^:e tr,e kv«i ofNADiMl" iii the peix>xkom<f, themethods 
of the seootKl cmhtxitment can jtddittonaUy involve, stably jrijegratsng into the 

iO gt;noms oi'a ply.nt a fbtirth DNA construct comprising a nucieotide st;<|at?net; encoding 
m NADU kinase or an NAD* kinase a»d an operably linked promoter that dnves 
expression in a plant ceiL Such NADH and >jAr>* fcimi^s catalyze the synthesis of 
HADFH and NA0r\ ees^pectiveJy. Nucleotide sequetices etscodiag such kinases 
include, bt« ^ m% litHtted to, DDiB Accesksioo Ko< El 3 1 02 (SEQ IB NO: 25) a«d 

15 EMBL Accesstort Nos, Z73S44 (SHQ ID NO; 26) and XUim <SEQ ID NO; 27). 
The fourth soa^truct adldiUoMlly comprise an operafely iinkc<l psroxisotrtc- 
targeting signal seqwEnce, By targeting such NADH md NAD* kbases to the 
|seroxisotne, the level af N ADPB and NADP" can he increased in th& plant 
Ijerosisojtte for m<f by encsyme^, %mk for exasnple, an NADPlMcpendeat 3~ 

20 kctoscyi-CoA reductase. 

In a third embodiment of the invention, methods are provided forprodiictag 
PI J A m a pi int jsvoK sng genetic )lh manjpulatsng a pUm fo* tnt^aved nthesis ol 
R-<~>~?-hvdn,mhufsr\l nidi hu K x t •> >^\dr Nvacvi-CoA moiecu1ej> ^uth 
maJ ods pr».u<dfc a pi mt t^ii «\ MUi < di\ m \m\ ad to overcome snbstnie 

25 tin 5tatit"*iu> i«f PH \ <.op^.> x nicr ilhej,i<. n *^ i^eso^ss < t s 1 1 e n sfti ods unoK if 
s ihK 'ntcj^rnitu' into u t^tw s of mltri 5 Irs i v nd nhsrd and i Jai rth 
0\ \ etaKf to n\ tis % iv <, £)r s. ^ik k<. U s n (. tx m ohtd !« PH 

"-Nritiwu th Jt i,^pa->tft**v li ) i. \ *V*\\i.(i.il mti ihe umd 

30 l»NA v-on^iya <,<xmpr)s<,'> a «>o<. fiu i.<. ^ (.J i k ♦h^U iuh a-- 

s%ntlH MS oi R ( > » h\dn(vvas.xl C v> V 1 Ik thstd W \ i Ui<,t xnj \ \ ^ v, xltng 
sequence tor a i-ketoacvl-CoA reductase, and the lourth ON A cosistruct comprsses a 
vodtnj* \<.HUvntc for <m acetv ( a^.^^t^ I transferal* I f dcwed a It «h DNA 



i. OfHnJC-r c>m .if^xO he hh jsn^gr ite-d mta the genomt; of ihts plant The ilfih OKA 
u'Bfetr.jct u>mpmc a mscfeitJ^I^Jiequcnes; enctj^mg a NADH k«u«c oi) NAD* 

p^toxLt^ume-tJjjre ins; Mv;n d Ji'- th'. t,<.d i pr>i<,i'i to **)e ncr ivJ^tn Hs 

Mt.h t>es k> ih< 1 1 f\ m ^ lU § i iss s t^n >> t u trv sCv. s^j iho s 
of ncd at. •iokxiilv^, p.^n ( lUaK irt^rn, dsasc trd!,<.u <,^ iwr st hs- ,i;cn ,i 

10 i*HA synthase that calaivzes Ihe k>nnatu)n ol copolymers. 

Methods a? e pmvjded fer mc^siismg the .^ymhe^s VUA m a niant i»aeh 
methods imd wjtb tnethods knows in the art for prodticsng l*HA in piants, 
parttcalariy in peroxisomes, Themelhods of the mveutton involve increasing the 
synthesis &tm mimmdMs molecule in PHA syndesis. Pfefemfely, &mh m 

1 5 intemiediate molceule is Mmiting for PHA syBthesis in the peroxisome and that 
bftfeasing the synthesis of m&h s molec«k m the perostsomc itjcreases the Jeve! of 
PHA produeed In a p\mt It h recogni^Kd that jncrea«mg the synthesis of an 
latermedsate molecuie in « plmt peroxisome mi^it not lead to an incrsased level of 
the intemsediate moieotle l» the plant because the tn*erj«€4tate B)olec»le cm be 

20 ftjrthcF mctaholized intOj §»t cKmtpk, PHA. 

The methods for increasing the synth«sis of PHA in a plant invol ve stably 
5ntonor«m|» tnto the gem me o a p\mt at least one !>NA eonsmjct: comprismg a 
V f o^' Nt qu>, iK f o< n e i/> me as oived in the s> nt hesls of m intermediate molecnle, 
ojvraHv Isnks-d to ! pnv tottr * drut;". e\nn,Ks on m a plant. If nece,^'sary for 

25 ^uanssonie n^im *, ic-it, se w A coiistriics add,itiynaltv 
vontrnvsn<-J u li !. r ! oj^ribh )kt'd to the coding , sequence, 
I iu fKtlH Is I Uli ! V Si ft ^ i. 5 5 i.K t)s(, to )t*crt-a,-je $he ^synthesis of '<my 
ink r m i ! !„ m -n. ; i j s''U \ %; st*- > 'tU tu'-i inicrmediatc -Tioiccuies tnciude 
hu-fvthU^? vl -5 I !! ttsis ■> (Ki. i rly trs Ihe peroxisoni*;, iiuchas, 

30 to ,\<im>^ R( <^ ?^sii Hi' ^»tyA, yt i k { )-3-hy<|fosyacyl-CoAs, 
^j.etoa^v{>l { o\ ^Ho b«f! 1 Un>>^j i e\s 

A piam cm be s^enetJcaHv manmulated to pmdoce any one or more of the 
en»nvsm%oKedintU vnthe^uof hemtc nediatc jnoleeole m the plant inelnding. 
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bul aot Hmited ;o, fhe ejaymeis for PMA v;vtijf<e$!<; of the present inven«jo« described 
supra. Vxckncd csizymm for increasmg the- sviuhesis afar. in{crn5cdicstc nK>l£!Cule 
"melude enzymes, dcscni-vcd supm, that catalyze the fonmiion of 
R-5 ■ j-3 hvdrvJx^acyl-CoA, S-keioacyl-CoA reductases U>at ixtihte MADH md acetyl- 

5 CoA:accJ:y! irasjsferases. 

in a fourth tJOilnJiliJUciiUs; Ihe ;;iv-n£iO!i, sijcnhods ui<; pioviUed lof [riufeasbiL-. 
in ;i p\mt the s>«(hc$iS or<s R-(-}-Vhydroi:>;;«^yi-CoA. key intcrmcdsate mokiCule m 

.\v«£hes.ts- llje leveJ m if^e peroxisome of R-{->-3-hyd!myacy!-CoA, a substratii 
of F*i lA synthase, is knov^'ti to fee very low znd is believed to limit the level of THA 

D firoduceci in ihe peroxisome. Thiss, increasing fsw 'synrhesis of 

R'<-'>3*hydroxj?*c>l'CoA sBcrcase tl>e synthesis of PH A in & plmt The methods 
comprise genetically manipafeting phm to |5fo<!«ce m mTytm that i;«toly3«$ the 
s^yathesss of R-(-)-3"i»y«lroxjacyJ-CoA, prefcfably ao eszymc selected from a 2-esoyl- 
CoA hydratase from Aerommm mvim (eneoded by DDEJ Acmdoa No, El 5860, 

S SBQ m NO: 21% a t»aize ^IFF2.Uke polypeptide {SEQ ID NO: 2), a modified ymt 
rsiiltifuriasonal protein (SBQ IB NO* S) p{i$$0mng & 2-moyl*CoA hydmtase mt'miy 
and a 3-fe.ydfoxyacyl-CoA dehydrogenase activity whe?«i« iJhe latter acUvhy is 
neatraiizedj or a m«>dified yoasc 3-hydfoxyacyi«CoA dehydrogenase, v/hereiti tlje 
enzyme utiiixes NAOH asid its tisass actios Mio im h^n sfeiS«d i» iavor of 

S R'<-)-3'hydr£>xyacyl'CoA over 3»ketoacyl»CeA, 

Method;; provuied for produeiog mnel eoi-ymes tor the syrtthesi$ of PHA. 
pArtioulatiy in peroxisomes* mort partieularl) in pi<iot peroxisomes The methods 
find use in providisg «ove pefOxisotnass-locaUssed eazytttcs. a^r PHA <;>nthesis in plmi 
jx'roxisomes, Addilionally* the methods fitd further use m pan uiinj-i l>N'A constructs 

S ihal can bi' myd to tjys^Motr^ a phn lo- ih. ;<ioduetiU5i of a PHA s>inhcsis <^n/yme m 
n^ |Vr<-\5Non!es. The nk'-Jxvb >n>o nc >ii?>fng the cydiog s^qtjenOA- of a 
mtjllifuiKU»>;)aS prolcjn, fvirliculrlj, an umtv pan.ctiiarK tj.ii Ml PJ! Uoni>«visl 

^,t;nD>Jod by (.■crH.mk Av.ccvs <<n\.^ \'S^045t., M <) !l> KC ^> v>t rat \c«..ixiev; bv 
{ionHatik \(\esvor \o . ^ , ;S6 \f Q V) \0 ^'t I h.- roduw ve<,-ien.v is irrdits-^d 

5 U ehniitwte or j>!4b»U»U*iLN tv^iv^e cr.v >.U v^iC t*.\o 3^,p,«'»ite nut:e ;;<;u\ Utfs^ of 
:hi.' prouni i^fjeoded thereb). Th? cod3n>; pcquenci. oati bo nKK"-r<;d h\ methods 
known the s?i n\elt)ding. but mx Unused, lo site^dneeted wuUgcne$J5. ^ivi dcjeuon 
of a portjoft of the coding seqtience if neeessijfy, aft imtjation eodon, a stssp codon or 
» 14 - 
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imth can he added to i'acslilate tmisiadon in a host cell, Tlie nielhods can furllier 
hivoive preparing a l>N A ce>nsti-acJ by opembly yitkmg a trackoiidc sequence 
enctxliris; a perosisyrne -targeting Signal to Jhe iiiodUled codhsj:; ^ei.|uenve. H (Jestred 
for e>;prc?.sjoii m a plant or liost celi. ib.^? DN A construct can addittonaliy comprise an 
3 opetahly isnked prornoler \hai drives expressitsn in the pisnt or eeil The novel 
e-u^ynws r>f the inv^ntsoiv can be produced fey transtoimg a piam or host ce!l %v5th 
iJuch a DNa consfftsct 

ft;! a fil'lh embodiment of iht- iin'entson, nictliuds are provided for pfoducirig a 
ix^roxisoi^e-targeted 2-enoyi-CoA hydra- ase en'sploying the ctxiing sequence of a 

10 yeast m^Vl {ihnBmk Accession K«>. M8:6456, SiiQ ID NX>, 3), The methods 

involve moiiifying the adding sccuenee lo eJimimue the dehydrogenase i'Mmi referred 
to as reductttse) acliviiy t>f the encoded protein. This cm be accompiixhed by, for 
«x^pk, deleiiftg fjom the 5' smi of the eoding sequence a portion that etwso<led at 
least part of tlie <iebydrogem«se dommn (Fjg«r« 2, SEQ ID 1^0: 4). To faeiH^te 

1 S trartslatton of the encoded ptotssa, m ialtjation codoa cm be added to the tnjftcated 
nucleotide sequen«« (SEQ ID NO; 4), A DNA s;orEStr«s;t C8» be pr«^>^ by oprnfeiy 
linking a nucleotide sequence encoding a pimt pefoxisotae-^etiag stgssal to saeh a 
tnmcated codmg seq«e«ee, S«ch a DHA eonsitract can addiibnaliy comprise a« 
opcrably Usked pmmoter that ddves expressbn b a plant 

20 fit 8 sixth crEibodtmem of the jnvemk>r>, methods are provided lor producing a 

NADH'dependem, peroxi$otRe*targeted 34cetoacyl-CoA redtteme e«iployi«g tfee 
coding seq«et>ce of a yeast multtfiiuctionai protem (GenS^ AcceissiOR No, MS6454 
SEQ ID HO; 3). The methods mwlve tttodilying the coding se<|ueoce of a 
mtjitt V»ict?on it piotirm m eliminate the hvdratasc actnuv ofthe encoded protcsn 

25 Btt.<itA- V V <v 1 1 \? t7«i!tjn«Kttf.m<il ptxHesn jsii (. v^a t<> \ XOH 

i tpv.ru t,u J ix'^ \!n >n t jr i. vv, '> \<,tOii,\ C r S rcdtittise sst.'i.-'itvtt.d to bt, N \T> i 
us. i>endt.nt Ntkh ^ti N \im c jcjalcnt seiuUavo li a- un*., i 1 1 t htj.' (- 1.\ { s\n' is 
ot PH \ in ^\ mx 5> •< nx s xk \ \ )PH ht tx->' \ * 0 t is )stx>\.*^ V K !m /tr 
1 ii) sx, ^Ki-o > > lii.^ b<. i( ! » t tf u !x< ]' t V ^ *,rtJ< th» 

30 ^eqt<.ii.<. i |x>rtion h<t<,uodv.d t! •'<-t i oM'x h%<' < tas_ on^ i'li<>tr<. J! SI t^ 
,{) \<> b) lo lactht. ttf t ynsi<Ui<,!n o the dts p sK'x >t an api loixtiti. sii p 
t,odon tan be opvrabh hnk«d to the ^ end oi the trt«j*,vited toduig M,q>itnce (SLv> ID 
\0 o) In addition a OKA lotmnict tan he prepared o emhiv Itnimg j 



nmk ^mit -vtt^tK -it- i uodjiH jphtupiioxiso* t.tir <.jul tosiubAtmn*. «td 

udH)|^ ifci^ucm < Such » P\ \ ^ mst \K.t v, m ccmp iS^ *8 v>pi^ rabh 

hms4 protrsoter imt drives expression m a Diaat. 

^ ))•){ OK i( t \ uul Mv h s in h fha suth Ht-fmcJf Ht n ok«,«\s 
tiitl tj^. n ^.kvu <s (Ml U f ^ i u i \ U 1 1 lii i V is thus* tlwt 

n<.t\oh f%ohv lit bui If ut i mokasks uui \ httsv M iUt pil 

10 i,!^ JTc U>r ihi, p (ki c m < t spct aUv chcmic s Ihus pi snS <,<. Us ^j. 

jntermemate m^^lectsles i^t PIH can be fthtaisedi h j*s r^(^pmd tb^t methoi? 6f tKe 
present iavendon cm h& med m mmhimtmn whh ai«tho<k for pmdtidng 1*HA 
homapo^ymers* copolymers or hoiK 

To mcrease tiie level of aj least one julemediate mokcule m a plant, the plmxi 

15 can be genetically manipulated to produce any one or more of the enssymes involved 
in the synJhesis of the btem^ediaie motok in the plmt iitcludtng, hut mi limited te, 
the enzymes for PBA syathesis of the present iaveatioji descrihed stpm. Preferred 
mzytm$ for increasmg the synthesis of an inteKuediate «tolecule isclude mzfm^, 
described si^a^ that eatalysss the formattott of R-<"')''3*hydroxyaeyi''CoA, S^ketmcyl- 

20 CoA reductases tfcat mlim HADE and acctyl-CoA:8cctyl tt«asfcfa,xs. 

Further, it is recogmaasd that tt may be necessary to Um-er or eliminate the 
activity of art endogesotjs <^iK;ym& m a plant that in some way limrts tiie synthejsjss of 
the desired mteriijedjafe otolecuk. Such an endogenous enzyme may, for example, 
catabr»1f ?e or modsfy the tntemtifdivrte molecufc m cm undesirable 'wa) Methods for 

25 k>v,enng or el *nijwt!ng ih?? .jvUvu-v o ,Mi eu/^ ae m a olaui iuclude, Hit ue not 

limited senv md <<m!^onv^ s« -tpre^sK>n iri.^ hi->ds i or < \,m-$p\> tne .«cti\ tt\ of t\c 
^ i.lK)<.! i.^Misd <JWsv'v)i <5 v-ildOi^uiOtiN iJJ'jlt! i)i>{ ooal ; xM;. hUa K.a i\- 'cs the 
k>rit).<«iOrt o h^di»■!\u<v^ ( oA » .mi udi^^t.^ .sj ^ ttomnvha 

pero^isojiK V i<i%\ inskau ihe -.^nshv-i K (-i- 1 bvJu \\<3c\k( Aih.rein 

30 VMulc dK iiiv'lKX<-> o th< ui^io i.>n <,viii K t>- am p ,t >u f,jciun,d 

{itjanH ar<» ods^vd fS.sits i;et)et(i..siK nwnap » ^(t«*J t - prnd rr^ \ s.ofH \mfr-^ n then 
:xn.»x5somei., partit-uiariy m :»eed^ Mote pfyjletahiv, the o Keed plaiJi- buve been 
l*env»ticajiy maniptilatcd lo ha\ e seeds viifh incroAsed levels of <{hoji-chiam tmy actdss. 



wo mam6 nrm^mutim^ 

modified or unmtjai iatty 'ACid% cytosolic aeji-CoA oxidase acuv'tt>% or comhtnations 
?h«n;;t»f. Such oibc$<3 plants h<iv« increased rates of P-oxickitio-s m ihm seeds and 
im<i use in metltod?; of pToditcirtg high levels ofPHA copolyr-iters., paiiicuhidv in 
seeds, 

5 While ihe comrxx^irions and methods disclosed herein are dmm so (|je 

prodiictjoi! 01 FHA .isid PH A Uik;ii!!cdi;iK-;. u; pi.uiit,, 5hc preseot irtvetnioi? is not 
limited l!> mcshodcs iivvoitin^ PU,.\ pr>H{uotiJ!i :;■ phnt md colls thereof, lliose 
skilled in the art wili rijcogin^y ii;at the c<'n:t\i;-.;{:<.-o ixnd methods can be e;npl<>yed 
with a«y host cell for the production of PHA and intcsmedtates thes-eof Host cells 
10 include^ bm urc not hmited to, plant cdls, animal cells, bacteriai edb aud foisgai ceils, 
pMk-«lsrf y >'east c«lk 

Cotnpostdons compmi«g nucldc acid moiecules which comprise coding 
sequences for etsaymes involved in the synthesis of f*BA m the pea>xlsomes of plants 
arie provided. Composlttotis of tlje mvemion mckde fittcleotide i»ok»cuies encoding s 
1 5 majze MFP2-Uke po{ypeptide an^ iragments md varljutts theresof, in pairtkylar, th<f 
present invs^mlfm profvldiss for l^bfetj nucleic mid molecules eon^pming nucleotide 
sequences encoding the amino add sequence set forth m SEQ ID NO; 2, Further 
provided are polypeptides hming m amino acid sequence encoded by a ntselek acid 
molecule descriljed hereis^ ht exsnsple that set htth m SBQ ID MO; I , and fragm«ats 
20 and variants thereof. 

The invenuon encompasses isoSated or substottajly purified nucleic acid or 
pfotem compositions An "jsOxStS'd** or "pmfied ' noclejc acid molecule or prottm or 
bfologscaily active portion thereot, is subistantialiy free of other cellaW material, or 
cultwmc<*< tm \^hen or>.d n,f.<* H rtttjmbmant t^dwtqtteN or substantmiH <t«j<. of 
5 vhejna ^ ! urodt ^ hcnj '-^ v<.hen u,dK ^ "Uhesji^ Pref«rabiyx an 

isobKd n (, i V, <. <. J %i o ^ ^Uvnvt.''^ {p'^tk bh o oh n tncodint* >cq«eni,e>v) 
thfltt nm«.^lK n<uik tl-t u,.lt. 1 id ( i st.quen<.cs U\ ii<.c m 5 t. 5 d ^ c i ^ i^t .he 
nkkx iti iUuhv"|HAOnut I>N \ ol tU t<Ji>^* oi!)t >mv^buh hi-OKlu. tUidsx 
den ed io e\antple io v^moui.enib tdi c 'ts fht ! ted n k Icn, id n < ei-uiccm 
D vOt>t itn 'i-sv. 1 1 ri $Kx« kH > kh, > kb, V\ ? , <i ^ ko 'i u 3 kl^ ol lc-»tsJ, 
^es^i. )i <. ihii !ki*u ,^1S\ i\5 k iht «mIu< <H!d trt< ^ )h jo i t)OMj< l')\ \ oi \ le >dl 
iroin VKhivh the nnci«ic acid is dcistfd \ proti,jn that ts suh\UntiSAii\ iTt,e ol v^huLir 
mvUeri^l mcludts prep»)mtunv of protetn havmf k%s thsui about ^OH, 20V iO%, ^^Oj 
*I7* 



(hy dry weigh?) of coMsminsring proseirt. When tha protein of tlie invention or 
biologi>cailY aciive ponion thereof is f{;combmanil> produced, preferably i,uiE«rc 
HHidiun) reprt-seins less ihan uhont 30%, 20%, 1 0%^ ur S% [by lUy \<>mM) of 
cbemkal precui-sori; or non-prvtcin-i'f-in;crcst chemicals. 
5 Fn-igoK'n-s and \ v*''!v5nt.-; of Ic^^i^d nuckoUde sequencits and prattii^^ 

csKodcd ihcfcby juc ;5S5o cjKaijSi'avseJ bv iUc picv-erst invcrition. P>y ■ iVagmtiU" i!i 
intended a portiori of the juk ieoUdc -c<.p,;t rK ;.- or a porUun (if the anntu) acid scquet-ice 
swtd hence pro^eui encoded ihetvby, f raguients of a fniclt;*>tidc ^coaeuce may encode 
protein Sragm^ms fha- retain the hiolopcu) activity of the native prott-in of the 

10 inveution. Ait^rnittivtfiy, iVagfueuts of a nticitjotide sequcnic^; ihni are ui>cful as 

hybridixatios probes generally do mi mmning biologicai activny, Th«s, iVagrnents of 
a tjycteotide sequence may mn^c Mm at least al«>ut 20 tiucletttidesi, ateut 50 
ntiCleotideSi about 100 nucleotides, mi «p to the fuIHength ft«ck*otide 
ertcoding pyotetm of the mvetttJOR. 

1 5 A fmgmctit of a a«cleoUdef sequence of the itjvemion tit»t encodes a 

biobgisaliy aettve porUiJiJ of a niuUif«n«tioi]«l protem will encode at tel 1 5, 25^ 50, 
SO, m% ISO, 200, 250 or 300 c<»itjguous amino acids, or up to Use tofel aumber of 
mam adds present m a ftjJl-lenigih mtjltif«BctJot»ak3 protetn of the mventton (Ibr 
exmiple, 3 14 mxim acids Ibr $B0 ID NO: 2), Fragment.^ of a malttfursciiotial pootdn 

20 n»ckot)de sequettce that are tisefal m hybridization probes for PCR pnmers generally 
need tiot encode a biotogic^lly active porttoti of a ttinJtiifunctloital protein* 

Thus, a fragment of a tnultifunctionrfl protem nttcleoUtie sequence may eticode 
a biologically acdve portion of a muhtl uRctioiial protet a, or tt may he a iragtaent that 
can be }«ed as a hyhttdt/ation ptoV or fH'R prstncr min^ ntE-thcdss dhcloNed below 

25 A biolo^u poURV ot a ntiiltfnt, a^nul ysomn uin bif prepau'd h\ i'^cUtnx 

t. pi^rtton I t mc c>t the ntuhttuiKton ti p'otc > siucScotide sequences at the in^ctitwn. 
e-tptessinj? the en^txied port on o' 'Jse iruhtttitKtk nai pa'tesu 4.e p b^ t. -.^nnhumt 
.^\|nessivfn I') atui < s^es^ n t^c *c*i\>t\ ^nc erccdt. i port os-^ oi ntv. 
iiutltd* .\ttOi«u p£Oti.u! *s.kLc K,>diUK 'ies Jiai vri.' Iragns-tntsol i 

30 mt!ltit\ vtora ptotem t5Uv eoUvie se<.jue' ^e uompn^t. .V e-^^t it> J^O, '^'^ U'K HO, 
^'kK MK^, ^m4^0, *^OOM) 6W) {>^0 "^fSO }<a'"s,9iKs, \ (Mi! ' }<)() 1 ^00 
or 1,300 nucleotides, or up to the nuittber af audeotides present in a fuiS-Jeagtfe 



mtdtifuncuon il pwfcjr nutiwtiJ<» st^uenvtf df^t'uvtfd hcrcni i^tai t, ^ r'-ip i P^2 
nudeoiides iter SEy ID NO: 1 )< 

int\ ts {mt«d«.<KiibM xni j'h ss «!$! n qiitrntN 1 h < it >Udv 

^ dv.>*tfKr}t% )f ht4„fc t < ! "lit <ir >rt I. 

s?cw«cd U'i^ example, b> u&irsg Mk-djrevk*d mifUivn* sts bm uHk h ^ul i'^t s^c a 
liultjiunuionjlprotem or other en/>*«fco* ihe^muuson Cju)t.rii!\, satumso! i 
partJvuiar n«<,tcon<lc ^uenc* of the mvcjjtjoji m\\ \mc at least about {>fv*-o, 
70%, gej>er»Uy at tet abom 75%, prefebiy a* least sknsit 9&%> 

1 5 91%, 92%, 93%, 94%, 95%, 9§%, 97%, sad more preferably at Imt about 98%, 9m 
or mon: seqwnse M^Uty to thst psj^iculor nu«l«»tid«; s«^u«««« &s d«t&nnimd by 
sequence alignment programs described dse%1tere heme ustng default par ametm. 

The nucleotide sseqiieoeesof the mvention can be wsed to isolate 
coTOspo«dj«g se^jaeftces from other organisms, pmktilarly other plm% more 

20 particularly other moaocofs. In tfcis manner, methods socli as PCH, hybridissttlon^ and 
the like cso be used to jdeatify mch uqmw&» based on their sequetice homology to 
the siequetice set iotih Inrem Se\^ue'nt«?j. isolated ba^ed on ihetr sseqi^nce sdeiJlitv to 
the entfre imtt& MFF2-hke p«>lvj;eptide nucleotide sequence set forth feerem or to 
tragm«?»ts thereof are omp \\^<.i.i >v 1 1 j> t.se»t sn\ention Such se<|«eft<vs mchtde 

25 sequsfUi*. Out artf uru> « * ^ *v, ) 1 s t^ucnct^ Bv o^hilojjs i^sntfiH'ed 
2v.n<,> ikiiVv. Hn m i*.Hnn5 u in \ <n *tKi which tir^e fouml t <}!*krt H spci-ies 

^n?hu n k -itul;, ■vt.t. Uvsuts ^mi or the^rt neod< J protun Ks-hw-. 
suUuuuu dmu <. jsJi.i ^uU Ktv^-htrit herein l<«actJ006.oioithologi.<u:e often 

]na PC R apprt>^Ji. oi fe>o»u<. K'otul* " tts s. m <. igtH< ) us<. n P( R 
r^a^-tjons to ai«p!ti> vorrcspoadm;^ PNf \ sequcnve*! trom <.l*\ '\ or ^^nor t DN \ 
e\tr5K.ted ^om Am org xm^m of mien. v( Methods for desj^nusg FCI^ nnmtr* and 



Pf R i.h mm. jft s*t' «,riMv l»no\^a m thi. irt and ajx, dssvioseJ ir* Samh''f»t>-v i. ' />' 
(^om'JvT J -^(^^fJ***^^/^ >Vt?m«}/(2d i Hash 

? iK.tiUnd il^^^u^x^ ^ I m \es > nd tew 4 

tj' If d P<, R vxhidc Kf{ M in <,d o !! i J f MH'dpnfJvrs ncskJ 

speestsc nrimers, psirtialjv-mismalchecs pnmers. snd the hke. 

as 3 pmhc that sekttiveh h\hnd /t<^ *o mt^t com^^mJ^na nt t <.o*adc vsjqytnce** 
pres»eot m a populauon oi cbntd gi.tt«mi«„ DN \ fr jgmtnl*- or <.l>\ '\ { *J^mer^t^ « i c 
genorric or cDNA Uhrartcs) itotn a chosca organism The hyht idum^* iHoiK unv 
be geoomfe DNA (mgT»«»t% eD?^^A fragmsfnts, RNA fragmeftts, or other 

1 5 oHgosucl<?otjde$, may fe« labeled v4tb a detectabi* group such as or my other 
delsfctiabb t«^k«r. Thus, for sssmpfe, probes fer hybrid^isa^on am be made by 
labelmg syathetJc oHgonucleoddcs based o« the mat^e M^PS^Uke poiypeptM* 
nucleotjde seqaeaee of the t«veatio«- Methods for preparations of probes for 
hybridimibn mi tV coastmctloa of cDNA md genomic lihrmes are g^eraUy 

SO kROWH; in the mi md are disclosed in Sambjtmk ai. (19S9) Moieettlar Clomttg: A 
l&borm&ry Mmtu^i {2d ed.. Cold Spring Harbor Lalsoratory Fr«s$, Flamvjew, New 
York). 

For example, the entire maize MFP2-Iike poJypeptide nuckotide sequence 
disclosed l^ereitt, or one or tttore portion.*! thereof* tiiay be imd as a probe caj-iahie of 

25 specifkallv hybridi/ing to cofrespondiiig MFP2 sequences and j«e$seng«r RNAs- To 
achieve specific hybridi/atiwi ufvier a varicfy of conditions, such proK'S irKiudc 
Sscquences that are unique aniongMrP.J sequvirtces and are preftrrahly at bast about iO 
niicieoJidcs in length, find mo^f pfcfcrabi-s leass ah>u{ :;;;o !tuckotidt,'S in krigth. 
Such psybes may be u<i<;xl lo iunpiifx vorfc^pisndsati MFP2 s-cquerjces from t; chosen 

30 organiNm hy PCil. T'his technique n'saj ix^ ^ncxi tt.' isolate ;i;d<iit!t'na! codirtg sequeiKe*. 
f roni sx dcsncd orua^ism or a diagnostic asjx^v to deEcrmjoe she prcs<;;-iCi^ tu ood-ng 
sequences jo a orgmism. ilybridization techmques inciude hybridization icreenijig of 
plated DNA Hhmries (either plaqaes or colonies; tJee, for example, S4)mbtook et at. 



) s9Rv\ \f,fh>t ah t fLmn^ i Dihmtiton Mimud! (M i>J , Colli Rp««-^g |-l,irtx>r 

i.t.>nJ>itOn-! S* >'V>vi ^ » \ In ^ <->A ■»> \ ' Jj , T!'i i (.(MklttU !}n i< 

1 inanJc^i vOJ\'s{'< <^ >> » A ^ !, ' i n ( v'. M h\ h\ sis U <-'s^t mss^so'H *o <^ 

b'Acknmuxid) Sinnacnt i.ond!t:i>ns arc -icqav,ice-<k'per:den; and wt!; b<? diJlierent 
JitKfcsK cjrcum^liinoc^ Bj contiollsng th<i ^iringency oS ihs hybiidi:<i(ttO!-i artd/or 
<.\a\hinj: cotu1ilf>'5i$, taT::jct \Cw-|UC«*:e'^ iJiat ate I00^<> cotnpleitvciiiUity to the probe cat? 

10 S"KJ idtinutk'J (htini<» oj^oiis probfngj Alternatively, stringef5cy coniiiiioRS can be 
adjusted to allow some misimtchisg it* seqaene«s so tMt lo\^'«r degrees of sSimiifirit}' 
are detected (ltetembgo«s pmhmg). Clen«iraily, a pmbe Is less th&n ahotii tOOO 
nucleotides in kngth* prefebly less thm 500 mcleoltdes in length. 

Typically, Mrlngent conditiom m\\ fee those m which the salt cotsseatralkn Is 

1 5 less than about 1 .5 M Na son, iypic^Uy about 0,01 to 1 ,0 M Na ion coHcestingitioa (or 
ether salts) at pH 7.0 to § J m4 tlie tsmpemiujfe is at tet ak>ut 30*C tot shon profess 
(e.gv, 10 to SO tjiicleoMe^) and at lea^ al>o«t 60X for long probe* («,g„ grestiff thmx 
50 nedeotkies). StHngent cotiditio»$ may also be achieved with tl^e addUloft of 
destabilkmg agents mch m fojmamtde. Exemplary low strmgescy coMHtoiojs 

20 Jtichjde ftybridfeatjon with a feufifer soluttot> of 30 to 35% Ibmtajnide, I M NaCI, 1% 
Sm (sodiut« dodecyl stulphate) M 37*C, a»d a wash in i X to 2X SSC aOX SSC « XQ 
M \aC ^0,3 M tfist dt«m citfSteS at 50 to 55*C r^emplarv noderjik <>{nngoncy 
condhsons include hybridixatton in 40 to 45% fomianjide. 1 ,0 M NaCL 1 % SDS at 
and .i u^J<ih m (i <fX IX *^Sr at to tjG**r F<\ompW> hwh sm'\^'^tK\ 

a v.a-.h (> I \ ss<. MM > ^^ - ^ 1 K J h s i- i. y ^ )0o n s'^no) ^Ih k^nn 

than ah>*it 24 K>mv ^ h t + * i 'u ' ^ khs'n 

.Uvloi fisi ihe onss. v* i<<S* ^^ kftiperaiurtf v.d iHe tniai noIuuoi } o*- D^^ \ 
Xf I \ \ h\budN, iii<. s..^ ? K apx\ asatcd ity i tl c cv|yatiO« oi MtuUnb vinU Walj 
UKi H<'hfn>m :d7 :H4 1,„ 81 ^ 0 s iSc (hv- V)-(}4 *ot.< . 
O.ol 1% ti)tm) • SQii/L: where M is the molarity of monovakot catioas, %iJi:- is die 
pt c^.ntaj*e t*f gwano'^sne and olodno ntjole^tije* m the DNA, % tt rm is the 
-21 - 



peuei), oi totmatr*de m lh& h\ br kit/^tion *>oi«t}on, and I is h<. )< tui^ t * th^ 

In bnd . ^ b<3.NC pain* lh<; U i^i U(c knnpcui.uic umu^. tk mui sui u ^Jr^n i . 'dpHj 

t« Vvh^h ^0"»o? J t-ompLrn !<h su ! mi. ^\ ^ sfo i pit Uv,tiv TUUbJ 

ih^n (he th<,T,«af mUun^ posril ( 1 ,\ ^•>^ ' .v spe*. iiK tquvSKc and ^iiKn u a 

10 hvbiid (.tuon UiU or sa^h 1 2 3,0' 4X lm<-5; t >>.n iht ih>^tvial nit;!ljng |\> "^t (I, 
mo<i^?stc!\ Ntnt)g«?nt cosdmon:^ can tfiiiis-e a h\ktdizatic« asd'<i* \\'a<!h at f», S, "^^ er 
lOX' kmerthan the Ihemjal iTH;i!jngpinnt<i^), !ow •arirgssicj condttmnscan utilss:© 
a hvbndfmjos msd/of wash ai 1 1, J 2. 13, 14, 15, or 20X ^ower than the ^efi«al 
meltJttg poM (Tat), Ossrtg the equation* hybridixatbsi asd wash compesjtioms and 

I S desired those of ordinary skill will wutkrstod that vadatiom in a«f stringency of 
hybrldia^tjon aiKi/or w«sh soliUiuos are khertinUy dsscnbe4 If th& dissired degree of 
mismatching results in a T» of kss than 45*C (aqueous soJution) or 32*'C (formamide 
soSutJon), Jt ss jsretenstd to mcrease the SSC mrfcentration so that a higher tem|>emtvjfe 
can fee used. An extemtv« gutde to the hybj^dixatiort ot nucleic aads \s found m 

Hvbrfdi:s&tton mth Nmkic Actd Pmb0<%\ Fart I, Chapter 2 (Elsevser. New York); ajid 

(Greene PabhshiRg4iudWtle>*lu erst .,enct.,K<.>v York* ^<,t Sam- w-^ a ch {{9^9\ 
\f0ktui^ Ommg 4 lahofmot^ ^'httmlOdi'i M\tm H si d not son 
25 Ftess, Flatavjewv New Vork)s 

Th 5s <si)lnted >eq«enc*JH ihat env-odt trr an NO P'' mcl v^h't, r>nd)/L i i kr 
sUmi'. fs.>ndt50is o »h<, StI I 2 ^cqu^^ncv. dis.,K s<,d hi^reso o u hi orojs inuof 

i J {>0 u>l< ^ «N l-^u ib {o "0 bo t k i. >i. M <.k \ c it k iNt . b >di 7-^% 

homstlOfe>i.ms%vith the t.ssi.kis*Ldv^ quern <s Ih^J s ti( l im* ^jiJjn >fst^ti,Hts 
may range, sharing ai least about 50% to 60%, about 65% or 70%, and e veii at least 
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abcjut ■'^*<» SO** vi^fl ^^'^^ <>^«'<* <>7*e <>8*^ QONof 

! St. fo^Stv % ' krms are ti'v<;<i to tle'^c >>c ll't ^«.t.<u r^c a tsshsp-. K v^^^n 
!NH>0 B <.>rt. sui, i^a *u t o pKn ^i<,(!iJtN n) ukttu <.qKm<, (if 

of a spccjiltd stv^u*, >i.%, for e\t<mpk a vi^nu ot i tu^i iv*>igth vlA \ < - i:<; .s, 
i 0 seque nee , or the mmplete cl >N A. or s^ene st^quen s e. 

lb) \^ used hittm, 'comj>Arj$o*i smim^'' rcl«!cnc<; t<» a contigiKW 

sequence m ih& comparison wtsdow may comprise adIdHsons or deletions (i.e., gaps) 
cftmpsred tts the lefereac* seqsueace {which does mt comprise MdMom or dekiiotjs) 

1 5 for optimal ali(^>«3st of the two sequences. Generally, the comparison \vladow is at 
tet 20 contiguous ntscleottdes m length, afid optionally cm be 30^ 40, 5% 1 09* m 
Jo«gejr> Those of skill in the art tmderstaijd tilvat to a.void a high simiiarity to a 
mference sequemse <l«e to mclmioti of gaps la the polynucleotide sequence a gap 
penalty its ^'picaliy inttxjdaced and is siibtiacted from the {lumhsrf of matdies. 

20 Methods of ahgnmcjit of setjuences for eompaaison »re well known in the art, 

1"h«s, tii^ detem^inauon of petx:«nt sequence identjtj' betv^een two sequence?* 
he accomplKhc<l u<ng a mathcitwtioal ^Ij^ nthm Non- imsting c\a ^•>p!es o such 
mathematical algontl»»$ are tliealgmdhin of Myeys s«kI Mthct < i '^88h iH'OS^ H- 
17 the local homoh $:y<ikorithir of Smith*" al (l<>8''i hh ippi ^^»?*< M^JMhe 

25 jomo Oii\ ^\mm ^ a Jii<j.vnt mi o(Se«6\mm\ ana W uiivh (1* '^0)J ^ H'<>I 
4\ ^ n-i^'^ the I tv(}-<;tms\ir«n mcthtxi .Vknob <« c f ,p<r, n (}*^8Si i^>< c 

i.M :44 4 ilc;oiid,ni .>! Ka isa and ,\hsd.ui « n "hk 

\<f'' 'v«a ,v> if ,V i S'^^ZM mo htkd .is m kMim m d Al' <. t..' (b>9^ > / n,. 
A<-ad Si! { '^H/K^S'V 

30 C ojupuu. .r.ipkmcsit^«io ol vhe:>e n <iU5^jnaU!,t.U ^.j^^r var, v>e ytih^iesJ 

or *,i"up<ir son o' leaocnecs to i^^'s.'n"} tav v\p eiue tkn'Jt^ SaH )r plen^'ri Uisnt* 
tciiide^biitai^smtlmjucdto IMAf mik- PC't,Jcnc putgjask (au^i^av-ik *»on 
liYteliigi^netics, MounJab \ »ew« i'jddomm), the Al ION progratw (Vmjoii 2 a «J 



Wii k.ige \ !.r^icn § (vi>.aslabi<f from U<*nc{ic^ OnttptiUY C '■c^ p k ^7^ Sti^-t c« 
jxiti^unei u^; the oetAiik parj nctetN 1 he <- H S 1 psi's.' ani ^ Av^ ' tie's*,! b> 

10 sjsoJ \,iththe ALKjN pTograns when comptmni. aTOmo ss^iteni-es ^.he 
Bf ASr lirogram. of Altsehal at til {,l«m)J mi fhoi 2l5'A\n are based 6n the 
algonthm of Karlin and AUschul (1^90) supra. BLAST n«cieotide searches can 
pssrfonnsd with the BLASTN fsregran>, sc^e 100, wordktigth 12, to obtam 
oDcleotide sequences hot«o1ogous to a nticleotide sequetice eficodteg a pmt&m of the 

1 5 invention- BLAST protein searches can be performed wjth the BL ASTX |>rogmn, 
score ~ 5Q, wordfeagJh ~ 3* to otsain atiimo acid sequences homologous to a i^mtein 
Of poiypepttde of the bventton. To ohtmn gained alignments hr comparison 
purposes, Gapped BLAST <m BLAST 2.&) cat5 be utilissed as descnW in Altsohiil e/ 
(J 997) Nuckk Acidb H^s, 2S'Mm. Aitemattvely, PSM^LAST (In BLAST 2.0) 

20 can be used to perform m itsmcd search tfeat detects distant jrolatiotsships bctweai 
mokciiles. See Altscbul ai. (im) st^a. When utiiSsting BLAST, Gapped BLAST, 
PSI-BLAS L the dcfauU partwnetm of Jhe re<.rccf'%e progmms (e g . BI ASTN for 
micleotJde $eqtt€«ce$, BL as I X for proteins) cas !>e ijsed. See 
hftp ' nchi nim rah \ i^nm<,> \ nu v dho K porfonned ma«is<j1v b\ 

25 «is|>ect}0i;. 

s * ^s od %^ s^ s iKiJ a .iL*. n-'f-nt n >in !^ut\ \ak)e> provided Hct*. >i 
Kkr u I't V ill!*. oIh.i !kJ I siu^, < \P sum iO ttsing She K'ikH^nsi, t,u s * , 

in qu<st oji <,"-'s^«.-<«cs > ^ ,^h::m)itTf h<.nj >^ ivk'ii U£>i nu* ko{ or unioo acj<l residue 
matches and an identical perceM sequeijce identity wfjen compart to the 
correspondkg sihgnjtieat geTjer^aed by G AP Vemm lO. 



OAF «$e$the algorithm of Mctxilemaji aiid W«nsch (i97(}),l AM Biof 4^: 
443«453, to find theaUgnmem of ;\%r> rr.nipictc ;-^i.'quc!u:c:s ihn m^s.xi^r!>^c^ the nu!nb<:r 
of jfvatchcs and mjRtmfxcs Jhe nu.rJ-er <■>!" gaps. GAP cons-iders all possible ahgaments 
(xnd giSp fwttion*; .md crsatiN the ;sr:>;nn(iMU with the Lirgc.st ouniber offriau-hcd bi!><'S 
5 a;u! 5.h« fewest gaps-. U al]o^<~ i-y. pr-;>vi^io;- ofa gap crcatiyti p<.;p>a[ty ai-d ;s gJip 
extension penal-y in urtit.s of inatchcd bf;?c-?. (iAP n'lUst niake a profit of gap cfcaiiort 
fx^nalty nitnslHu- of miUehcs lor cseh giip n \n%c.rU. it a giip £:>!ti.-ro^K:<n peoal?)^ gtesiter 
thati zero is chosen, OAF mmtt ia addition, make a proftt for each gap kiserted o.f Jhs 
length of the gap limes the gap exJetissori };>enaU>-, Default gap cs-ealion penalty values 

10 &nd gap extct)5.tfjr! jKnialiy values in Vcs$iOtt 1 0 of the Wisconsiii Oenetics Sothvare 
Package for protsm sequences are 8 mi 2, reapectivefj?, F«r nucleoJtde §eq«eoc«s 
ihe default gap creatiort ^mlty is 50 while ^« 4-6fmli gap extensjott |se«alty Is 3. 
The gap ct«sd«n and gap extession penalties can he expj«ssed m m integer selected 
&om the group of i ntegm consisting of from 0 to 200, Tlus, for example^ ^ gap 

1 5 crmim md gap extensson penaldes can |je 0, 1 , 2, 3, 4^ 5, 4 8, % 10, J 5, 20, 25, 
30, 35, 40, 45, SO. 55, 65 or gmaSer, 

GAP piresents one member of the family of l?«5st aiig^mertts. There may !:« 
mmy snembsrs of this .family^ hut no other member hm a better quahiy, GAP 
djspla>s Jour tisiurtv of >ent tor ?l gflfms-nts Qiwlttv R<.ttio, ldot*tny and Mmdant^ 

20 1 he Quaiity is tiie metnc «m5 mtited in order to align the Sfequenoes, RaiK? 

qx tv divided bv the otmiber oi bases in the Sorter segmttu P<. i v<. it {dent«> « iht, 
perv^eat of the s% mb-sfe that aaaa!i> match f ervont S iilat n\ i\ t\ fH.fCc \t of the 
s% mbo's rhar ar*; ^tmtl r S\ boK that arv acfosv t(om ai* ignored \ tl-^r ts 
IS st»f}t,d vil->fc Hi <, set it }. t « \ \ c ior n p nr of tnK>K >„j eatc thm or t;.i ^1 

25 ♦M)*»)t5 -iuK H n If ^ n rri^ s l^'Xert ^I5(*tlk 

s tr in q t Ui*. (r Jt. i \ n thi, votut^t o \^o 

i-^Ilk u i j n ! -i i n (. ^ !. ukt st s^mct th<. <. s itK m ht_ o 
30 •>t.<}iKr«t.sthat tht •«inis*vi i Ul i to } $Mi uj* i rt 1 m t r\ 
specified u>mpan\on wmdt v\ ^\htn pt.r>, tUJ-s<- <. tqu n^t. j k itit \i i in 
rthritK-etopjounNtt vrt^Lo^wjul rh« aMti p*»s tinn-v^^hithaK a»>i id<,m 1 
of^etj ddTer by conservative mnim mM substiit»tiofiS, where mntm acid fesidaes a-e 
»25- 



substituted fiir o£l>er amtno sctd residues vvuh similar chcmj<,Ai fmp^r u <? < * ri?^ 

s b^.utUiOtt Sti.<UviKt,> thiUhtKi b ud i SIS r ! ^iL ^ub-^iUv t <.n"> sx d bnc 

ubstilut on j pt^rt !U<$tne t^<i.u> Suii m!>^■')■!l^h tKu'n smr^'s v 
'><iq Jviis-v K I tv I ikis ivs e-xarplt., ui: eiv. an iJotiliua a'nim> avui qtssn a s^ore 

10 ot I and a non ci^nsvrsaUxe ^uhsfjti.uon is i^ncn suw of \ 0'^^;>\ t ^s- 
sui vutuiK ft is» gjwR A :>CDr« fevtnttfjij ^^.m *uid \ I he s>t.onng <.>i cosss-eAittivc 
substitutions cskulated, «,g., as Jmplemcatcd in the pm^^ PC^GENE 
(iofefliigeftetics, Mou«tai» Vkw, California). 

<d) As used hemn, "pefceatage of ^we««e ycstity" motns the value 

1 5 determmed by comparing two optiinaily aligned seq«ea3Ce$ ovsij- a co«ip<»i«ofi 
window, wherein the portion of the polynucleotide seqiujac-« m eompMSOa 
window may coimpnse addiUons or deiettons (Le.^ gaps) as cmapaj-ed to tlie retetesce 
scqueace (whkh does mt comprise a<ldjtions or deletions) for optimal aitgi)iaej« of 
the two s^fqttene<?«» 11*e pero^rttsge is e«!cul»ted by detenrutUng tije tiumb^r of 

20 ix>MWRS at whsch the idej«ical ftycleic a«d hsssc or ammo acjd residue occurs in both 
^tjq uertt es to > jeld the number oi niatchisd posfitioti&, idiau m««^er ot tj^atv bed 
posiiionv b% the total «u»«.l3erof jjositsoss tn the vt,mdo\\ of <romp«i^iS<>n, mi 
muhjpl> J«g the r^mk hy IdO to >ield the ptrctnUige ot seque^ice id«iujt\ 

tcKO 1 he lean "^iub^tamial idt mus ' of p^^hm tkottdc sse<jue»K >js meaas. that 

B fs^HnuUos-' ! ii ! Is hi itLi 7(}%i«»quetK;ejdcmti>v 

ptctc! iHu it L s ^ (.rtrMtM!- u oj' s, aad >«ost prefx-rablv a' knsi 

j.sv.Tt]K (.5 a in> ' iju ^.U p u <"^tu> ol '^k)ll ti thv. art I f<.t.o m/i, that th.vs<. 

siUiv><.£m" i>pfipi 5 \ li <.i.lt<.!i n ,f.U( !i. svnJsre i'l^-min o' pro?s?m*5 
.10 s. rtwKJv^i hv tvst* nuwk*t»tivie s>e^jtjt;nv,eh bv takmg tsto dcwunt vodiMj ^jva-isejav. , 
ammo ac(d s>mijJant>' readtng tnm<i posjtjonmg* and tb»ir like S ih-t. «k( duit (s 
ammo acid sequenv^s tor these purpose:* nomuU> mevtnv s.equ*riKe iUtSi'tUv ot *tl itjasj 
more preferable at k4st 7i»'t^ m% W-'o, atxd most prctcrablv <it le.i^ ^"^V 



Anothef jftdjcsition thst n^cteotsde sequences are suhstanlsaHy idenliea! is if 
v^'SQ imkcxils^ hybridise to «ach other ufider stringent conditions, G«fJCtalh-, 
suinsferU condttions are selected 5i> ^-k; about S'X," lower \h&n tfn? thermal tneltifig pomi 
( hn) f<>i' tiK; ?;pcc!£K; stX|iier.i.c at >i deTined sonsc st;eris.'.th ;3sid pH. Howe"NCi\ strmgent 
5 condsfioru-^oncompji.'^s rcm|vrat!!K>^ uHhc rnns;^*^" ab%>U ' t t > <ihot.» -M ( 
defxjiidiug upoa the de-^iifd !.ici;iec (.<f saiiiijciK \ ,n q ^'juuJ <.ia 

Nuckk ackfe that do m^i hybridr/c o,u b. r;hc! -.ir.dof ss^sn c ' t.*. rdiiion "e -ti I 
■>ubs{anU;ilh identical st tl^e fxiivpcpiuicN !hc> e!;L(\k- i k su* n' ml i 1 itK i Ihis 
may occur, e.g., when a capy Qt t nucleic acid is cveatcd usu g n d\ ,n>ir <,< >h!i 
10 degeneracy pef!Tji;i;t.<d by il^e genetic code. One indseaJio ) ihM two n;Ut.k^«<, a<-id 

sequetices m subst^tially jdestkal iS wfees th« polj^tide ei^coded by th& fim 
ttiideie acid j.«s immtinologic&Uy eimss reactive vnth the p(>lypeptkfe ssiccded by tise 
second nucMc acid 

(eK^*) *emj *s«bjsla«tial idetrtlty" in the context of « peptide iadtaites that 

15 a peptide comprises a sequence with at least 70% sequence idejjtity t» a refereiice 
sequence, preferably BO%j more preferably S5%, most pretmbiy at imt 90% or 95% 
sequence idcntUy to the reference sequeijce over a speciSed compsarison wmdow. 
Preferably, optteal allgnmmt co«d«cted mmg the homology aligntiiem algoritMi 
ofHcedlemarsatud Wtms«h(l9?0),A Mot Bi(?l 4H'Mi-4S%. Aa Indication that 

20 peptide seqtiettccs are substanttally idfcntjcai i$ that otnc peptide ts i^wmmologtcaliy 
reactive with assiifeodies raised against the second peptide. Thus, a peptide is 
subsiantiaUy identical to a second peptide, for exarttple^ where the two peptides diiTer 
only by a conservative substitution. Peptides thai are "subsSantJaily siatilar" shase 
sequences as noted above except that residue positions that are not identic^! msiy 

25 differ by consmalive aRiuiu ucsd changes. 

{ he iisc of the tcnn "DNA constnicts" herein is not intended to timif she 
present tiivention to nuckoiuic voni^tnK-b cotrsprtiijig DNA. TliOJ-c ofoKhiwr) siviU 
sn the i^jl will rovognixt' th;U nucleotide e.,>n4;rftK t^;, parTtctdarly pul>ntK'10v>iids<; and 
oiigoiujcleoades, eoniprised of rihonueijohoe;- a^ai vonthiosittons of nbitruiclcot-des 

30 and d<x*>iyttbonMCkx:'tidss unty >s.ho be ejuploycd i« djv; methods dticioscd iwrein, 
1'hu.^. the DN.A cnt^uuc;^ of the presiem invefuion erK-ompa^^ all nuckotide 
constructs that can be employed in the methtxls of the present issvention includi ng, but 
not limited to, those comprised of tieoxyrtbortucleottdes, ribonucleotides, and 



mmlnmnom fhereot Stich aeoxvnbonuKrieotuies md nbonucleotj<i«5 unclude both 
nail! a\ \ Kamm^ mt*ic$.uks and s% (ithe*tc afuiO!i,ues I nii^-'ot >t v ^ ^■^n iv ^ s c* 

:^ stracturcs.. an<5 tft« uxc. 

iu orr<inssm foa^gn {>\ \ eii^ompasst s m \ l>\ \ prt<^^tn in the r >'!fH> o{ < r< 

organism ihdl oncjiju sjd in th«. picsenl orgaaibm or one of Jts> progsenitoxs b> artifasai 

DNA aatt%« to Sft 0iga«jsm m^roiSuced xm the ge«<>ftK; of tli«^ ^?pfti^ot u<£t ^mv 
m\\m\ jwesiNsds st*eh for e>f&tnp1«!, tr«issfofmatton. UeM^^ tmm snehde 
"heierobgous |>mtein'* and "heterologous ena^-'me" which are eiicoded by 
"heiembgotis DNA," It is iec«gsilss?d thai such st hererobgom ^ixx^'ma or protem cm 

1 5 pos$es$ m amino aci4 $eq«<ttic« to j$ ideni iesl to that of a aati ve enzynie or ptx>tem 
(xtm 0Tgmmm. Further, a "t^^tologem coding st^ye^ce** is oodfeg se^^^eacse 
composed of hetesx^logous DNA. 

It is recognized that mzym&s similar to those described herein, referred to as 
"variMit etj?.ymes,"* may Ij© utilized. By "visriaitt oazyme" or "variant ptoteijfj* ts 

20 intended a protein derived jtk>m the native protein by deletion (st>»calle!d trancation) or 
addition of o«e or nso*"* atiiko assds to the N-t««»i8ai asd/or C-tenomal e«d of the 
native protein; deletion or addition of one or mom amino acids at one or onore sites in 
(he native protein; or safestHutton of one or more amino acids at 0m or more site* Irs 
the ns.U\<i protetn Vatimt proteinn ent-ompdss*,! b\ >hi. pri \enl mventton ^^rc 

rt,-ut*r<'n lor <,\ n^'pic Len«;f p ■> ■-n'-'-nis'' r kom hunus man ■^libkc^o 

30 ak>«t i, ^y^s Ot^Ox yJo, gencfiiliv ai k^i about 0, ^^i'' . Js.' 

pni "aH^ it ka^t a W <H)<S 91% 03%, *)4%, ^)?' ,m nnro 

pjekiahl^ at least about ^"n ot ntore sequence $de «tiv titt oiuuK) «<.k 
sequence tor the mthc protein as detennined by seqneasse alignment programs 



rc^jdst'v 4s tew ? 10 i^uthas'^ JO^is few t ^ 2 vM c^trr ! a^) 'lo 

acid residue. 

<.u d ^ubNti utio.i-^ ^s. <-S ! k ! iu«> <• ii HUfi'i(;> MvHkk\ tot Hith 
mantpui^itMn-: s.i <. 'Kni ^}t)t\ jr \t I or f.\<mpk a (jm <v. J^^t-u.'tK^' 
%jLni.a{s u} the |\ S ^tj: I is v t K ^ lj; u i t'^'. ji->' >n u **Kt<vL>sHv tvjUvtKv 
cnc(.xljng ibc tsu pi^^k'in ot ifttcf.-"s* which ts aNo jctcnx-d to as t c>»ii5«g isv\jvj£fticc 

1 0 of the native protesn. Thus, pr<?t«iKS and thdr r^peetive «>dmg seqasfjces md«de 
aattve forms m mil as vmasts tlj«j«of, 

A variety of methods em be msd to produce variant enatjr'ma! such as, for 
example, j««mge«ests of the eodmg setjwemses of tibe native «a«yi«e. Methods for 
mutagetjesjs md ntscbotide seqi^ence aUeraiioRS well ki>ow in the art. See, for 

1 5 example. Walker and Gaastra, eds, ( 1 983) Teckmiums tn Makcular Bhiogy 

Qd^MBm Pubiisijing Company, K«w Y»rk); Kunkel (1M5) ^ViS*?!. Amd Scl 
US4 S2:4SS-492;KurjkeU/a/. (im) Methods Emymol. 154:^7-^2; Smibsmket 
iffl (1 |^S9) Mt>kcui£tr Omu^: J Lahora^ty Mmmi {C(M Spdog Harbor, New 
York); IIS, Patent Ho. 43?5>^§2; «»d the j^ference^ cited thereift; \m^m 

20 ijricorptoratcd fey rcfcjpencc- Gmdsncc as to appropriate amino acid substistutJOfts that 
do not affect bioJogtcd activity of Itie pmtein of interest may foe found in ^e model of 
Dayk>ff aL (197%) Atim ^fPmMn Sequmcs mdStrmiwe (Hail Biomed. Res, 
Fotajd,, Washington, DX'.), herein tncotporated by reference. Conservative 
substitutions, such as «xeha«gifig one amino aeid vvith amther havtiig similar 

25 properties, may fee preferi^tl . 

In coastru ♦mg s^iu^nsso' iht oi s^^iLri. msiUsficitti tm ntu 

toptT HS^thc<.ksuo».i av.uut> OUioasJv iv jtuJtdt osjs mna jo fhc I \ \ uk ><3 n 
^e \ m nl frut<.s!i fn< i shh plav,e the Heq«<,nt.«, out i. i seadinu a. a. J ffvkr.bh 
30 A II not c ^.a^ie vo nplcj Knt4?y re§iOfij> tlut eotiiJ <.0{k i ^ tnR% ^nuOs«<, 

See F P Patent Apphcattoo Publication i u 

in wme Ci^^ev tt ma> be n(ice'vsar> to at It/e >i ptctem that |X>vsc-ise^ mo'x. \ium 
one en/ym* f nctton If o ly one or ^ub<**t of en ytnatic vjcttvities of s«ch a ptx tctn 



is desjired. it will be necessary to "neutrahze,^ that ss ehmintate or sabstanuallv 
miiiimi i ihv m dsMjaMt, v »aj unt av,t!^ tiv avtn it I iw^c NkiBcd if. au 

^. iml l5 ii 1 t Ir tn ^. % is. \ ^ s ' s ^ ^«>,h ik l?<t.- nvoHc 

au\ fKs ijt jetiuK i! !. ^ ) >!'- K i-^N ivichr it h 

it!^i,ftKMs «tKKuK{} Uoi s i t the '->n tt, i ^^vjti<^ 
titKdt p\\^<i\ttt. *- ft. m)t «^\p<,ttt.<.' k) pn.vht.<. r,.d)c uhi ;.<v;<- tt' hcthar i. <.n^{*t.v 
i oi the } isxHur Hosvt^tr ^vtivii U i;> diiiituh io iRsiicl tKv v\act t tK<.t ot i!k 

i>ubsatatioft deletion, or msentts m advance *n d^mg' <.o t ne jskilleJ m ^hc art vvtll 
apprectate to the etlecJ will be evaluated hy routine screening as^ys. That is, tfej 
activity ca» be evaluascd by ems^xm ^ivity sssays» such m, for example, a PHA 
syrttfease assay, 8» ej>oyK'oA hydratase assay, a ks*oacy3"C<jA reductase m^&y a«d 
5 an aeetyl-CoA;aceiyi traasferas« assay. See, for esampk, Schttbert <s/, (1 J- 

MmvM^L BmHchmL Mn-im (HIA syMhase), Moskowitx. a»d Merrick <1 969) 
Bifiehemisfry M',27m~2755 (em>yl-CoA hydratase), Lynen and Wieland (1955) Mei/i. 
£^}symi>l /;56<S~573 (ket<>acyi-CoA reducmse), Nkhsmura (19?^) Jr<?j^ 
D M{croM<ft ;/<J:2l-2? <acctyl-CoA:acetj'l transierase) am5 twahashi ,/ 
Biochmt M>':5a8*593 {NAD/NADH kittase); ail of which as* h«tem mc«t|K)i3t*ed by 
refetence. 

Niicleotide seqaence encoding ihs enxymes of the mveation may be derived 
from a nsutageftic ^kJ reeombfm\'e pa pu^t t dut«> as DN A Nhuffiing With Nuch 
5 £1 proc^iure, one or more Ji*T^r«*i t i. K\im^ h que \t; s t ^ e--!^T. i^o ot thv* m\ k u on 

\irfntx'K J lt*3fu^s >f icc 'j-'^*-' ! <i,n* p ^>^ ' Jvkohd^s i.'etK!atcd l!<> a !^or>.*Lu o oj 

s^^Uvfitv* sJes^tilN v<nd vt$n bv? iKMn k^i, .s hv-o > n itd 'f? uj'<j <7K' iov 

tftteje^t m an etvNme ot the {nvoftiion ma> i^^ sbiur<.'u to i^h.atn <i ^'^ne <,'>.j!!U' 
lor tm i:mym^ %«th an inprt*ve<i or modified property ot imeri,%t, suvh .i^ viri r ^rcav J 
K:,:ft or reodilicatbn that r&s«lts in ckiages in substrate or prodtjct speclSelties of t^je 



enzvme. Such ch«uig«s in substrate and prtnlucl speciiiciUes UK'kide. but are «ot 

*,»Mri,rul ^>U<,tsl rj i I -* >, ^ s» t or mort nu<,jeo*kk 
^ Nt.qu iii.v,>- V. Kod I s Mi u t i pt ht^-UthUp Jut.<, tsif 

fk u N i, tc I s i! ^ u ns: \ >^n) I \n 4 ? S {St-;' M'T 

^%4^v4^8 Moorct, ? ( <)'-.7) / \/o/ %, ' .""J ^0 /han<?,' « u^^'r^ 
W \M Vj *Si»4 *H)4 (ufiKfiifo {ms)\an^< :8$ 291 ^k! 

In ;.mb«dimems oi {he iK^-enton u is netj^s>, lr^ (o direct jin mt; L>r PHA 
synthesis! to the peroxisomes ot a plant. Methods !or difecttng as enzyme to th& 
pmmmtm well known l» the m. Typtcali>% s«ch methods jinvoive oper^Ny 
1 5 imktng a «ucleotsde sequence $«codi«g a |>eroxisome-targett»g sigtial to the coding 
s«quei}c« of th« «»xyme or modifying th« coding s«q««fits«r of th« «as(syt»« to 
additionally encode die peraxlsome-largetjng sigaai without sabstastiaily affecting 
the miended fouction of the encoded enstyme. See, for example, Ofsen e/ al 
Pimt an SMi -m, MaUm d ( I m) Plmt Physiol i iSMi M% GmU €t al 

Kitm iimy PkmM^i. Biol 22'S%e^mdKm^taL (im) Pimt CW SMh 
161 h herem sacorporated bv reterence. 

U \% TtivuMitS ti t m a\£^ " <, of h<, in\ \,rt <ir m * foe directed to the 
r>ao\»Nonieh% opt! hK imkiov, p>.to\i mie t lij^i^tift^ <>!i^ftahothe<%tefmm«i5or 
25 hi, \ 5.5!! 5 no^ oil 1 1 nn v It is * «i ks i i^o^nn^^td dm ui erm-fue which i?; 

N\? *hcs!/v.J %v hif^mxs V t s,t,sjn ssi^iiilTni^ -n, processed prtHtxsSyssailly i« 
Mi uJ Jiii It K TiK d »t-^r-^\so st iirvi-ttng Signal from the amino acid 
uju ^ >f k m-siif |x vi n \K\h idens;vi«e. 

li \ ^ u 11 i u )! (. <. s i-vos Hn-i-jatc tlie activity of 
50 i> or mof lA ^ c in I phi's «i> it jiUtr t.1 sihPilXp kiciioti by tht.' mcthtxiN <->f 
pft tfil tiUcntiOTt iht A»,*t\55\ ot suv,h !♦ i ^ "UY bs; !x\Uic(H? or 

eisirnmited bv mhicnjg or eitnumttmg the svntJjesis ot t^«; mterfering en^y t««. 
Methods tor aduibg etisninat ng iht s>nrhci,5<. of a parti<uktr protein or enxyme m 
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a plant s«s,b&<» ioi *,\.impl<^ i>«j^e ^ rfj)li$et»^ supptvN^to*? mtthad;^ ire kjwv^n m 
U«f art. 

•^nlisensv <-i ■>pt<;*.'^K>n OKlhotK invoKt, the u^t of US \ ^onNtmutth « 
P J s M3ps.mLnn'~<> ( 1 i tf !f n S it -s m >d ih not i if 
Htr^ Hit. nti t X i>\ \ ! t t<.s ) J }ht pf Him u n of ntixif v 
t!i^t,npivu ^ tr "i. ntptit s ith srrtJSvnM, ian»\.npjs arv <,«f -t!?!*. c4 

10 this t iiJKf ^otist,n\e<.v!mtruaion\ ha^jng 0% piv*».Mh!^ Rn*') mtM^ *iiv*vUibK 
I uflltenuotc p» Hu v>l (t e <jtui<>enst nutieoud<,s t i\ btr i ^;,d v disujpt t 

nucl^fotidsss, 200 awcieotttfejs, m greater may be ussd, 

1 5 S«ase s«ppression methods, also known as cossppression methods, involve 

iU« 0f DNA «(?»sttii$i thai i$ d«ssga«sS to pi«?4ttce of at tm^cfipt tim h in mm 
ommatioa, the sejm ormttattontas the ttaosmfrt of tixe pmtdn of Imetsest, 
M^hods for soppfessjng the {mxJuctioa tyf a protem m a pto «sjag ««tliS50tid« 
sequences m the se«$e orlestatiosB to are kftow« ia the t%e methods geseeally 

20 iavoive tmnsformiog plants wMj a DNA construct co«tprm«g a promoter kimt drives 
expression in a plant operably linked to at least a ponton of a nackotye sequence that 
corresponds to the transcript of the endogenous gme< TypicaUy, such a nucleotide 
sequence: has substamia! ucenence identity' to the sequence of rhc; transcript of the 
enduuenotis gene, preferably greater than abt>ut65% sequef^e idetuity, rtiore 

25 prefcr^ibly greater than about H5% sequence identity, most pfcfcrably greater than 

about 95%^cquenciT identtly. Sec, U.S. Parent Nv's- 5,2B3JB4 smd 5,034,?23; htrdn 
iac.or|;K>ras«d by reference. 

In the nififuKi.'; o; iht* preNt'ra irrveruicfi, e^;pfe,'<,siori casjieUes can bt; utih/ed. 
llie cassette vviU inchkle :n\d "> v<^%^u■^\^>:\ sequences operabh' isnkcd to the geae of 

30 'rufre?;! fSenerdh , fhe cxpressiw caswttc p'nvidc;i with a pkmiiify of a'sinctitm 
ssJes ior iSLsertjua «t ihs sequence to be ur»der the trimscriplKirLai reguliitioii of the 
rcgulattis y regions. The expression cassette «iay «KidittonaUy contain seiectsbie 
marker genes. 
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By "opemblj- hak<><i" ijatemkd the jouimg d two or tiJuje cor!t(gtKHt;> 
ouclwtisk s«qa«nc«$ k »u«h si mmi<st that the d^SJKsd fuiKiions or fws«Uy«s 

Gi-ncm'h ovabK r (_<is ^ ! lit Ik ucLjc it.3< -<C( •vncv'c Kwg Li-jAvd trv 

ifu !uk ^ >iinf!i^ t^NO :jw\'t{} \ <k \g v\)u<>m > in n k h .t t\ <iut sh.tf bo i * eqtK'rc^j*. 
10 i in vis«c reading tns^e fortiai«{atu»ft f oi example, a tva^-letfttJe stjquence 
v^ncoilr^p i pera^isomo-! u(.t'tm$» >^i^m\ mav Ix imned to fK end at a c>u1i'iiu 

same readme fram*? Jor tra«<>laUo« to yjdd a the protem of th« mveauon wuh a C- 
t^murtai Mdttion »f Ihe pemdsome-targetiag signal, 
1 5 The cassette msy addttionaHy contam at least one addittonai gene to be 

eosmsffonft^d m%0 Ihe 03|tstt»^»* Ait<?jMtiv«iy, the ^ilioMi g^«H>) cm b« 
provided oti ns«l%le esptmbn cmettes- 

The expreission cassette mil lochide ia the 5'-to~3' dkectioo of tt:M$crjptJO«* a 
traijsenptbaal Md traaslatio«al kttktbn jV5gjo»> a m^kottde iseqtjesce of ktet^st, 
20 md a tmiisctiptionai and tmtislatbnai tenniimtion region funcuo«ai m. plmU. The 
transciip(tio.nsl instiatioti region, the promoter, may be native or analogous or foreign 
or heterologous to the pimt hmt Additionally, the promoter may the natural 
sequence or aUemstlvely a synthetic sequence. By "tbreiga" is intended that the 
Jranscnptional m^tkiion region is mi found m the «a^\e plant into whtch the 
tmiiscyjptsonal «««ation region is tntrodaccd 

Whik tttas pR'ictiih'c to e\p^t^s^ ihe sequeiuc^ (tesrjjL hele>><!o^;o«s 
projnotcr^ iidi prs^motcf ^vqucncc*. nu*- ho u<sCvl $u<.h i.oni.inK!s v\<f\ik3 
charge ^xp^^ > ie^cK ol M! ^2 rs vhf f K 'f s*r pKint cJ\ Ihui, th^. ph«i>oi>p8 of 
the plant at plant ceii is skered, 

lheHni'<n5iiM rf>> ijn f^i ^ *\ ' i"i\o's !'■< 'rAnvcnpiJfMivSi snuufjofnegionj 
ituN f « »>se A U V )\ \ s^-^i c o )' 'tfv -.t o „> hv: Jcrsvt^J ito'n ^ooi^icr 
sourco tVnvcrttcnt tem^ination Kpom stc avAdabk horn the i j-pi.i5.nu J of 4 
/iwiejffic/ms. isuchiiij the oetopitJc syn?ha?« and twpaUac synthase temiinaJion fegton$< 
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Se*?<j|soO«eof e<i«f/<3* (1991) U«>/ Ot>« (^^m 14] 1^4 PuHKfW^t (1^1 > 

1 }k ccnisr s Nv^uv. Kt,v iK n^\nu<< k r Pil bK)^v^}th^,M!i. uivd jr the 
pr (.e o! {ht? hhc liu v n he op imut,d 'at t' h>itKt 3 1 \p _ jo« m pldx^is 

i,odo'>\ fot inif o^v<i ^v'-ifvvsfi.n Stt,» tot ix^ntif U ( imp'\ I ^mi i o^-sn ( 
!0 J*V^^ * * n to*- dtscuvvtoftof host ptcttrui^odon sage tVahoOs afX' 

\ ihh\ ?!Hhv. Mr sv (K'si/snv? pi j i piv > Vv tot i.\ mpt, I S 

i " 47^^ h«ixnn tisKorpoMtca b\ retc ^.v* Is u^, the tut^ieutsde sv'quenci-j* i.m h; 
optimtsted fw expresstoa ia my plmt. It is temgoixed that all or my pm of th« 
J S niicleotide sequence may he optsmtssid or syitthetic. That is, synthetic or psrtjally 

Additional s^fqusfisse modifsc«ttorj« sre k«own to «aha»« exprmiOR in a 
c:${j[«Jay host These i«cl«de dimtnation of seq«ette«s eticodjng spurjous 
p<jlyade»yl5*tion slgmls^ cxon-miton splice she signals, tfaasposo»*like !«f«sts, a»d 
20 other such wll-characterked se«|oeaces tiiiat niay foe deleterious to ge«© expression. 
The 0-€ contem of the sequence may be adjusted to levels average for a given 
cellular hosij jss calciilaM by refereiHse to kmvfn ga)e« expressed m the host cell, 
Wto possihle, the sequence Is modified to avoid predicted hairpin secondary mRNA 
siTuctupes. 

25 l bs cxprcssbn ctsscltcs may addMoi5aiiy coMala 5'-Seader sequences ins the 

e\ntc?ii.(on ca^-st-ue construct. Such Icadtjr ^CMiJ«.^nv^^^ can .ic? to cnhanvrc u\jt)\5;iihi:-! 
fnt'^s^iattoi; k\f lets arc kI^'^<.rt sn i;k' art arxJ ifKitidc pKOnuivir.!,^ k\KU'ts. tor 
c\<AJ !p!c, JAfCV kwiia i^Fr.ccpluiKKnvociirdjtis 5 'u^ncouinp yt-gtcjO l!-iT<!> St<.s«, O , 
{ u^T^t. i\K , '^nd Mi ^\ B, fnh. A,?// .k.;^/ .SV? ' SA S/> {>! :?>-t.r^<J\ 

30 pofx \ tnss b-<-.ic£\ U-.r t'\,nrnk<, f ; V jc.tdcr { TisKkvo Vh^h \ ( AiHsO'^ s'/ -,</ 

<,i9R0\ MDN \ k\ukt iMjh'c Owai J" Movr.c \'ira^J. i'iroic^iv /-V '■>-iO}, .mci hunun 
imniunogktbuhu heavy-chain bimfeag protcjn (BjP). (Macejak. i.>A.r , a«d P. Samow 
hiiture J5J:9{M)4, uutraj^sUted leader fram the cosd protem mRNA of alfalfa 



S23 622 k^H,>c*.o rt o^aK %sru^ ka^<,r i ImV), {QMi^, D.R ^/ vf/ {t9m 

nut tHth«4,(.i M> a-- >.<> p Ovidv; h>t tht I>\ \ sv^'icift-cs I: .t, psu of a U*tj05 snd 

10 ^mpio^c^i to j(~> n thK. ON-V h,iy^x.n*^ v>« utlKi ii<Miij-*u1at ons i to 

prnuie \^r«.(m\xniL'H!ri?M!R*{hH Mil?'. (0**HH.ii ot sufV luou D\ \ tcj^kn ii 
tc^ti <.a> i) ^iJi^s or *ht, like For l>i Nput{.K>'-<, '« u^'<f DUi a^t.5>t5,is kj pais, 
re^irjt-Uon, aiuiealmg ry-SMbstnu toa^. e ^ imn^itions ajKi ^r4n'»\.efMon^. rta*. be 
isav«lv«d. Such a feagmmt of OK'A timt has be«ft maitipwiated by any methcsd kitowii 

] 5 to ihose skill in the art is refemsd to horeiti as a "DNA construct." The tsrm "DMA 
c^^astTMfCt " «a«om|ms«s expr^s^i<>» c^ett$§, chimm' geaes, syatlietk g«ft«$, 
^aes with modified ccKiing s«qt^8ce$, the Uks. 

A o«mbef of pmmotm Km be esed m the pracUce of the tave«tsoa< Hie 
fsromoters may fee select based on the desired timings locaUMion a«<l levsel of 

20 eKjsressioEj genes meodujg enzynjes in & plant Constitutive* seed-preferred, 

germiuation-ptiefeiTffd, tissue-pnefeired and chcmicai-reguiatable promoters ea« be 
used in tite praetiee of the invention. Such oonstHutive promoters inelodej for 
example* the core promoter of tlic R$yn7 promoter and other eoasth^Jtive protJiotcr$ 
Uiscbt^tid m WO <>9/43838 and CS. Patent No. 6.072,050; the core CaMV 35S 

25 pmnola iOM\ e( ul {m5)NmifM 3 B mO-MlXncc^cim {Mellon et <i' {F>%) 
ILmti eii^ 1 71 ),«bK^ujti!MCbmten'><,> (1989) m,f <fv! fio> 

' } Ih<'o> \i>rl tei hi $)sPt M,\S \\^k<nx.fa! O'--''^^^'/ ^ ^'^^<^ > i 

30 pn^motfrsinJiKk, tV^'^afrpSe US R^ten^^<i^ ^ 608 ' ^0 " f>ug i44 >604J"'3 

rhe metho<fei of the invemton are iisefttl im producing PHA eooolv o ieKS so 
4.e»jd$ To^^ard ihis end. {he codifi^i veqjtcnces for the ci^/ymcs oi'the mventioo s«av 
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seed dt\^!opn tnip'v.nw\r^ (thv^f. prcmouri.avm«dunng§<,vvia(,wit.pmvs U 

? s'> hi i n I. i *■ !^ ! ^.i kl>A i-UiO <w d V J ^ jf ^ X wn U j.^ 1 1 t<, 

the ^ open im^, m h i^ne-s I s,d Seesn"*r<,tk,frtd <■ n okrs ' \ppbt,aMoa 

embrvtv-pevJiit. p^t. mo tr ! i r Jc* p \r*iu 1 5 f Tv^^^o^^,r^ « (. ' kk* tho^t m n £U 
JO fo1lwvv}»g getK's m t>i|>o |K»((ii, %vtotn «f>\lN,i!\ <xtfO aftCtLs ]jU Foi 

mouocotj* p<»n5Culir promt <K thH<. trwiix tollfn<-'n<M*t.tHN miui f 
£&m, 22KD /em, Z^ki) /^m %\ *\ s u»ks.» I s usiikva 2 m<i g wbuios 1 

tor Ussue-pfcferrcd expression, the v-i^Jm^j ^.tquc^cest of the in%<,'>Utjr c in K. 
opembly linked to tissue-pjPijfexmi promoters. For ojfample, kaf-preferred pmmoters 
J 5 may be i«iU;«cd if expression }» leaves is desired, Leaf-prefejred promoters are 

in One srt. Se«f, for «x{t«^|)iff * Yamamoto m id, {1991} f toV- U(2):2^$'M5; 
Kwos f4i\ 0994) Pimi m-SSl-mi Yummmto 0 al (1994) P^mf Ceif 

Pimt AM Bt&l I mA t %k UmmU et &l im%) Pmc, Nml Acad S^l 

20 m30)-9m^9$99. 

Other tis^iie-prefened |»«»>oters tfisckde, lor exampk, Kawsmata et ^l {1997} 
Pltm(eiiPh -^92 SOiHa ^netai {mi) i/rtif <*e« 6e*-M js^) m 

^41 Rm$aUt&i imDTt&mgK-mi J!t0^ en \'i7-m.Hi s^n^tai im$}Fimt 
PniMoi m\ 134i,V^Campi/«/ (m6) Pia U Phwoi 

25 i i v\ \^vim u^i ami P'm i Pm MoI U < ^ M ^'5^4 U t (1 9<^4> < w ^ < W 

Cuu\ar5 Ovtruw/i* ?^ / * < 40^ n<>s 

In Ihv. I (, Ks, the sfi%titi )n J m d sir if to t d n a tS 

Cj^li I Oi fC!%t il5f h ^£ M OS It 3 {Urn l> J-ttK ^ Tl!| O ) 

30 uobj ti\ h T ' rn n ^t. tbcmK i diKsbk f^*- )mo ! %h<. t pp k i h n 

•=ippUt.xitts,tn ot li I thv njt-nl ft. irt<;>vv e^ne s,\pix.vsio« < h.mK xl >.u4KKibk pjon t!,rs 
a biovku m tl)e < nd j*KU«!e but ase not Itmuul k> thfc m< j/e fri2 2 pm T>oten 
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whfcH is act5v,^?<;d h\ btn/tscNuitoruuTiide b<,rbicKk ^ the nat^t U\ i 

lahtshc ttn ihul «, jJH 5i )k Kit Muludc k < id 

}V^p<.->M% pwj-i > s h< *^ f>f '.Ofl s lu <. >aut irsd js.3b <, m >t f if) 

I S Pit^n \os ^ Si4 6lb jnd W l^Oi h<.rtin tnt.O'TX^-'^ f<^f<^f^»<-<^ 

SKxhtud to uKJcase evpavsKa Tot example U«jKuSv>d ve^uettccv JH vk^»uUe 
substeioas or other modilieaik^s may be employed. See, for example Perkk 
f*/.(I991)/»roc. NmlAead Set. USA S8:B24-332§; Murray (1989) AWtfc 
Acidmsmmh |?:477-49S; and WO 9i/lM32. 

1 5 Trassfofimtion protocols as as protocols for iatioducmg nucleotide 

s«!queijce« irm plants tmy vary dle-fsending on the type of plant plmt o«U, 
monocot or dkot, tasgetied fm 1smsfotm&tlon< SwjtaMe methods of mtrodactng 
nocleottde sequences into pknt cells md subsequent inseitsoa into the plant genoirje 
iad«de mk-mkjecttoa (Cmssway (1986) Btol^chni^ms <^:320-334>, 

20 eJectmpotatlori (Riggs al (1986) Pmc. A^M ^c^isE ScL IfSA Si:5602-5606, 

/l^mdfJC/mw/s-medimedtratisCotmatsoa (iowtise«d U<S. Patent No. 5,563,055; 
Zhao 0 &L U.S. J^tem No. $,9SU&40), direct gene tramfer (PasxkowskJ «f f?^. <19§4> 
EM.BOJ, i;27l?-2?22), and ballistic particle acceleration (see. for exatapiev Saiiford 
i>? <i/ , lis Patent No 4.*)45.O50: lome:? 0 ^'^'') "Djivet DN A 'Transfer into 

25 Ititaci Fto Celli? wp'u ytulc Hu- bdk / 'n ( d! miJ 

BvTisri) i <d MvC .ihs. < Piol^^hfclo'^ ^ ^ '>ltii A set S\c> - in .er < f 

Itii-'ot ipi4 ik'HKH *M 324 {sovbe^iO, Daita<'< «/ d990> Bwia^timhK^ 



(nids^v) k mt/«/ !'%S>£fi*j;{v^H<//jyj0 ;5 ^>t>-563imai?c> Tome I^S *tt«?jH 
y*^ V 1 > i^.<t I N \ i fx.* nlet t«to fnta<.t Pi<jrt ( !^ K vui M .a^pi sics-t ^ 

10 <.>! ih / ^ vd Liup it, id., \ oni, n Vvs ^oik^ !->'' «>Hj 

Ph fti < eti i W-l 50*5 (e1ectrsi|jomiori>, tetti i\ ^J^) H^iw i < h Repom : 2-*0. 
aS5 and Chmto« and Fot4 ( WS) Afttmh o/Botmy ?5;407--4B (n««f}; Os|<id» m 

1 5 (1 99$) Nsiur^ Bhiechmhg)'* /'^:?45-750 (»xaj«» vk AgrQbacfi&riim ttimjacmmji ail 
»f which herem mcmrporaiesi by r«lken««. 

The modified pJaat my be grown Mo plants in accordajjce with couveational 
ways. Sets for example, McC^ormick^/ a/, (1986) /%3«/C<?l/, iJ^'/jom 5:81-84. These 
p\mu may thea fee growr^ md either jsolJiaated with tlje same {3fimsfbmied stmin or 

20 dififerem s««8tis, md the res«tU«g hyhM having tixe fejred phenotypk charactemtsc 
id«»tilj<!<J, Two Of moj« getserattofts may be grown to cm\m that the subject 
phefK>t>ptc iL.htWiiCte«sm, j-s stt^bh mdtntijo^d a«d mhentt?d and lh«? ^ H'e<J\ h<.jneN{«jd 
to v.m«re the devsmi phenotvpe m osher proisem h ->6,ci t (.} it vd 

in the m<i*hods the ptcent nni'stjoft pi ? ts ^ i.nt, IS m ,iu ai^fd to 

25 wodate TIJ \ a «. t uh '■<.d B\ ^ ur t ^Ih t t ittd n jr ii^xkiid i w hr>uu' she 
!>eROttte of an or i m j i.t<,Ti\ ^ i ■> it < u v.h*dj ti? ct)K -md tre>f o\ n 

MLxm knu ui k h^s^ sktiivi sn iv, art ^1 ff*j!K U o) s \> 5 kt, »(K tui. i K>'? 

^t<V.<. < v,hivh i OS ^ H tiv.pa ! pi fit no)'^ tvt < i V >t oijuj Oft 0t h«lh 
coadiJciJBg a dif<fcied sexual mating or cross poliinatjoa within a sijtgle species or 



between related species, or transiferring nuclei, s«d«cmg mutagejsesis md ihe 
like. 

In the practice of certain specific embodiments 0f the preseat ijn'emk>n» a 

5 !J! ohfcdujFH^ ssiU j < <. <, hua ^sl jniK itl k ils? hi**] sv. if 

tOt.h ^ ivijO !i s si fihi ^^^h■l (.5 ^ f t t itn J o 

!0 tiat i!) i •>! k i s <. s. s jj ti. !)\\ r jui 

10 pi « uo M'^'^^^ ^-t tiK <ivMJ4.d o«*vyme \ «,r«ri^^K \ >au*v -^hnKvUif 

'T rorrn*. d u nh i \pr«< svkw <. i k t m t unmg m or i j^s*. f <> i ih.<. <k ■>if n i f>l 
t-odsf g stmj*,n<,e>» 1 rajjs » ncd -jI u ^ a resv iht, dtsitesi acuvu <.jrbv 
scivcted bv stasil&rd methods a\8ilab3e m ih, art HXich as, to' example ijss n nj^ 
tn/vnttf *iat v»tie«* intmuttobiottif g WM»g 8m^b^^il^e^ v^h^h bt»<i to the < b/j mvs ot 

i 5 mterest, assaying for the proditcts of a reporter or marker geae, and the Jike. Then, all 
of th« (ksmd «<?dmg seq««8e«s <m i?* btvught together iuto a siagle pte t!«:i?«gli 
Cfse or more foutids of cross |x>iljnation vatlixmg ihe previously selected transibimcd 
plants as p^nts. 

Methods for cross pollasating plants are vs?ell knowti to those m tlie art, 
20 md are g^mttMy accomplished hy allowing the pollen of one plant, the pollen donor, 
to polBttatc s flower of a second pfmtf the polka recipient, and then aliowiftg the 
(ertihssed eggs m the paMi«ated Sower to mature itm see<is. Progeny eoataimng the 
entire eompleme»t of heterologoas coding sequences of the two pamjtal plants cm be 
^e^ec:ed fjotr .sll of the j>roj.'enj In Nfamlajd methtKL a\aiyb!c m (he «m as <1e%erthc<S 
2§ 'ynt {Of ^vlci-un^ rwu^U>r ncxi p a us \ I fttte^^ «^ the ^v^ttitd \\ofXi. - <, !.d« he uj^ed 
V s c ht r the {X ILn Jo'H^r o'' j\>!Kn le*. ipjei * w a ^tit•'^c^i.twm <, u>sv po\b>k men 
Ihv ii-^\^^a<.n <- in prscti^^ed uuhuiv pkmt ^pe<.ies m^.i i^ifti.' no* 

Miiiiwe)^ mlhi (c g , peat msllet (A nn u'ft**?? pru^o miik' { '^ma tm 

miu < tWH> SWatl millet iScfma unheaK tmi^er nslllet <E/e««i«e mf^wwVi. >f1o»er 



bean {Oh i me ma\i tok^cw ( hihtaunK fx-J iic < \Hii>"m ntK'f nurn ) 
p<'mi.iU\ Ui.hh"' hi^fa^i)i.'<f\ cotk*n {<>' .\j;w<'^; KirKt^lef>->i ^,o-.'\tn'fm f.^^iaufn^ 

li hao^wmu iii^ < tv< (< v.'>,t' ' ^iW^'xM > isus ^.'sn^' sj. ^ > av t.K a p 

i 0 vuigam), sugarcane (Sm:cksnm spp,), oats, barley, vegetabf es, omamentaJSj aj^ 

Pmferahlyj plants of the jpai^t inven^on ais cmp pto«rs (for eisim^pie, ntat s®, 
&IMM> sanSower, Brmsimsp*^ soybean, coUoOj saMower> |)«anut, soj#itKtt> wJjea^* 
rice, jsotatoes, ntilkt, (olsiacco, etc,), mom preferably m&m aad oil^ed ptes, yet more 
1 5 preferably maize platas. Such oilseed plants mcfude, but are not limited to, Bramca 
sp,j sa«f!ow8r> salfioweff soybes», peanut^ coton, flax, coconut m4 oU ^m. 

ITje foUowing «xarKpie$ are ojfiered fey way of illmtmtiort aad mt by way of 
iimimlon. 

20 

EXAMPLE .! : Engineering Plants to J'roduce PHA Copolymers 



Bacteria can produce PHA copolytnerss because these snbsttates are apparently 
derived from the |J-oxi<hstbn cyck; a$ bacterial ceils (ire uncompartmented, both 

25 B-oxiddtii'ii .«Ki PHA \ysu^^e^;^ lA^ place m iiic cvlosoL to piaius, however, f^- 
oxi^lanon oonfmcd pn mm\y 5o pvn<>vi&o!iK^s ar.d ihis.-i olTer? a suitable site for 
copohincr pKiductsosi, Ussrsg nscfinnK ki(-.!\^!i thos.c oi ouiiiKuy skill it) Uio sirt, 
5.ign:ii stxjuctK-cs Tor tat^eung pii^tclns K> !;x-) .;;\jsOfHe'!: c<U) added to P?lA - 
producrog eii<',yn)e;>, aHovvu^g ihe kscahi-aiion of these enxymes sr the pemxssomes, 

30 Sych i>ip\A s«.\^uaicc$ for largeUug proteins; to phvai ^jeroxiiajnei; aie well known 
f MuJkn c (IW) i*(mtJt>mmil /J;313-322; Tref ease e? «/, Q9m) Frompktm^ 



An mtermediate in ji-oxidatiott is S-C+VB-hydroxyacvl-CoA. However, its 

Rf ) ■^-h\atvn% .cvj <\>\ >ss A sv'hsfc<ttcUVniM<)s< ^ v^-)' /^'nx Vt'.'/ U<s<'' 
\i ( 'N 5 <:*2^^>-6J8 ^, Nit bu.H A ( l^m } l^fmai'^'Km \t>u.' '^^^ft' i< ',> 

mi •^t be \ er> km iho cri/'^jrc v> Uu\xH ^ ll\ f t\ h\ h' (a! -tvK'K'^ i o<i'n> 
ijiUniKvlKJic is iiuiittiuiKlKHwi (« t>u(urvfU si^*- si't ' < ^JvJ>/'w* ','>;*< /?i«>> 
:^0i) Phi78,Guh}wmmhchafer<>f«i/ { I 99nW^<y>!. ffiopm- ;^-f} i^.- 

compdnem of a multi-e»^'me complex^ m ^-oxidatK^n, its product 2-enoyi-CoA. 
might be madiiy available for hydration into th& R-(-)- epinier, pmvidsd that a 
hy<featase cspabk of catsalyxing tMs reaction is svailsMe (Flgis-e I), 

A multifimcteaJ proteisfrom yea^trepottediy has only the ajstlvities of 
1 5 sasoyl-CoA hvdmtase and R-(-)-3'hvdroxyacyl-'CoA d«hydr»genM« (i ii Itunen al 
(1 ^92) J ^i<j| i hem M'^ lm«rsstingh , thjs eR»\ l-C»A h>4lrat3i.tf lMrm> 

R«(-V3-hydroxvac¥!-CoA m mm^t to m plmt covm^cpm (.Oidjjjejnam 

fcrigtntjtenttg the veast mdtti««ct3onal proteta (encoded by ( jetiBaaik Accession No, 
20 M864'*6 SFQ ID NO ^ ro <^tn- onl) t^n, h^dratax st,tj\it> and then targeting n t,> 
the plmt pe«jxfst>mes aloag wttfe a FHA synthase should lead PIIA copoJvmer 
fomatJioa> 

L«ar eiii Hi t.) Mutobtolt?g)r 142t\{>9im) sfcere abk to pa Juv- B 
ano jJt-N mtiK vuo o ♦ k( fnovfon^Hfj kmxH mh PHB s\mh<VN!, ) 

25 v*.efeuiiH|<?'U!v'>u40 n ^ s -fit m <.h it \% lo*. ih'^^d JhcMdt; tUfei a 

hvd cm knI K.) \ I, livdaLt,! i t i I i i subk *4,{nl>e«vea a 

30 fs. dUvMH '-lb', i tor M\\ K sun,. tO^ * TK^ a 0,^ ) <- i 

th u i. 1 K >_ M qs-itm t ot thts i it;-) t jji h m ns| u' 1 o )lt< ! <. 1 5 t t tstx s 
theenc<x»<?dcnAmtf tci yvor tiK >\ftthcMsR {. > * IndrowacvJ (. o Vtnt,'- > kvtt^j*, 
Co \ m •>btu per^Ajsomes bv t<.4.hn>q«e» wcM knovts to those skdkd «j the an Suih 



Sk mi er >A IH' <l^^4)A*««u i"") 

Nt.) IK i>N \ ciH ■.<5i) <hsv! K V 1 U s's>-> .'Jk> liMi' k>a,kMhc 
avUx-itN oHhis tn/\ir.<. u o'p ik R ( » j'snU * U n t vpjftKi Ihcu t c 

1 0 a stgnal seq »ence for larget? ng to tlie peroxisomes, 

Recenlly, a l-ea^j'l-CoA hycfratase ftam Aemmmm c^im was rep^irted to 
hydrate 2.enoyl~CoA to RrS-hydroxyacyl-CoA Accession Ho. fi55S60, SEQ 

ID NO; 2 1 ) {Fvkm m itl < 1 998) J, BactM, M<?;667*673). This mzym^ caa fee 
modtftsd to mchide a signal sequence fbr targeting to plant peroxisomes, Togetlter 

1 5 with a peroxisome-Jocalsx«d ?UA synthase, such an enoyl-CoA hydratase can 
catalyiKs the bbsymhesis of «opolyni«fs. 

EXAMPLE 2: Pro<l«ctfot> of Specific Tyf«$ of f»HA m Plants 

20 It is desirable to pjfodoce a pure copolj'tner of a defined sisonomcr 

composition. A relatively pure cj^lymer would have predictable propeTti^ss in 
compartsoa to a mi xtai« ttf copo^mers as the compoiatson of the latter eaii vary 
accordmg to the ejvvirotti»ent. Tlie abUity of Psetidom^ms sp. to make copoiytiters of 
PH \s »r<^m vfinoos *>ubstnte<i ts vdi kmvv«s n tho<.e skj ed i Ifee m Hovvt,\vf, t3 c 

1' '«49 M-^i ) / tuxir>f \f J f 0! ->0^ 

iM A > lOi X. «.* v\-0 6 0^^6o^u^s t»rHiu^,«,o. tu '\ ► ?w>jJ <,{ or 
I t >pht Y stnjm^ -Jet uuit n¥\i\ sjnth ist mji,0fft% o{ tlic ci j^t 1 hk! i ^ It, was 
pohhMir<i\sh$tvratc CO nvdro\%he\mo<«c(Hi «.o HH\ Cl ieborse^elU/ i{ <><}i) 



s\ o mam6 tn i ft urns 

Appi LnuKHi MLuM ^<?3'?''-^00 V.i\mtw, ial imX) tppi F^tvinm 
Micmbioi ^!?:7iO-7H>). I hese ajc the tkst j'qwm of an cis/vtue ovcuo T5r-!i> th^ 

WoMisifN'o - QU}\V 1 d )E iM.it . J! j.ih 

1 his en"^mt\ when ti.<risi< nwd mu as^ t euimi^ hm st:an t^at dotlcsort m PHB 

10 v>nthasSt;. tofiters v jvn i iht: a^^ii t> to pol>ihytJTyxv hyi rait; t » 

hydr<m'hexamjateX mdiciung thit thts e«Kep5e is specific these tvto s^hs: at«s 
(Fukii! (1 9t7) micterml. 1 79:4m -4830) t^opol) mcrs <„oi5SJs:mg ^djri> of 
poj>'(hy<^oxybu^'f«{iE»c(>*hydroxybcxaft08te) can be pt<»duc<?d if other r ifcmt^u or 
J. synthase b targeted to plant pet»x*some« akmg with a« esoylOA 

1 5 hydratase, J-ketoacyi-CoA isd«ctase, or 3-hydmxyacyl-CoA dehydrogenase that is 
capsbk of pi^ducmg the epitser (Figts« 3}. 

By introducing &e other two enzymes (ketothiolase a«d reductase) of t!ie PHA 
bittsynthettc pathwy itit« the peroxisomes, a large portion of ;^etyl~CoA should be 
fsartitiofted tso tlve synthesis of HIA (Figores J and 3), As ketothiolase k the most 

20 timUiog er»s^-me in ^-oxidstrori and is not asscnitated with other cst^^snies {Kmdl, H. 
(mi) lipidvSintmtr^ mdFumtmh FX Siampt ed. (Ofiando* FL: Academk 
Press, Inc.), PP- 31-52), 3*ketob«t3?rj'l»CoA, the penulttmate product of Ihe last cycb 
of jS-oxidatioo. should be readily available to the introduced rt'ductasc for cuTiversion 
imo 3 ■hydtoxybiiryrvl-CoA. As?a.miifjg the dominant fatty acid beiiig degtrided 

25 ihiougb p-oxidalion is Cn, 3-4etobuiyry 1-CoA woukl cosistiune >2()% of i;te carbon 
flijs through f^-oxidatfori, F'ven ifth-i; reducUiSt; can use 25'^t< of this itncnrscdsate, that 
would wHad is divcrsivm of 5% cstbun froa- f;itt> av-i.K nA\ f^-o a.ktsot^ 

Kftvard VHA ihmrmon. ]mwiiMcmg kclothioh^so wouSd further augment the leve? of 
S-ketobiityryS-CoA in peroxi«ant«s. 

30 f:xpressit>« Cff PfiB b}Osyath<?tic jnacbincry in the percixj^omcs aiotig Witi) tlist 

it) the phistids as well a.s cytosoi can fead to i^-orc PHH dopsjAiUors in sced^. 
Previousiy, it has been reported that the expression of PffB biosyrjthetic enzymes in 
the cytosol of plants t«^«lted In ptots besng of reduced vigor or "sick* (h«rier ei al 



(.spjiKN&^d, hy>\«vef, allov^rjsg the v>K">sohc kctothiolav-* to Hipph ,iccto^vCi>l-CoA 

i noufih u<*K> tvv.tv U o % J s » b U (. i ! Ji !. i > V u<3 tht asm? a*Ju »J PHB th j* 
the homeosuun, im t»i K r m m-sii t.e i m<' Vol dmunj\hed \ vTO t^neh 

!}(ttaK^!ifeiin!5 s^ciiu^d Ihi pit ^ (.kv^ (vinh \ bouUKu iultK*^ 3\ ; nsU 

st,\d <i -^rcn^' Mnk f'Juo to (hv* m\'i id oh% ■^w o^m <il tk^rv^ravs Km vsi en a ^mjfc*2 
kat an^^ J; Nlwiiji wnk ifke adc-vt, op»)ii sv.cd, v\p ts-:. on oi sviits etitoajng e» \m4,<> 
involved m PHB wiiihesss* in the^jtosot oi a ii«\ciopm^ ;»ev*d ma> not be an toxi*, a^ 
m that of a leaf, Bsps^ssskm of theses g«nes in the psfrosljiomes of s«e<Js ddven 
I S by seed-prcfen-e<l, cheswcal^Fegylatabk or germjn^jon~preferfe<3 promoters, if tl^cse 
ge»«^ to 1?« «s.pr«s8«<i <l«rtni Knit si«$(i fiU attd g^nmt^tUoa m 4mn$ a 
limited portlan of the seod fll! pcnod, a chemka^segukiabfe pmmoter may fee 
desirable, 

h b farther rsjcogm^ed m the fsaetlce of the kvcmloa, h cm be 
20 adva«tageo«$ to make use of tmasgenie or naturally occurrmg lines of oilseed plants 
that arc kmmi to have higher rates of ^-oxidatjot* in their seeds to achieve optimal 
?iiA productioa m a plaat 

EXAMPLE 3; Bngineenng a Peroxisomal 2~BBoyl-CoA Hydra^ase from 
25 a Yeast MaltifmicttOMl Fmteifi 

To proiiiice PI lA in phmt pcTOxisomei;, ii i% essefUial to effectively divert 2- 
>. lo H f> \ tmp-i oxtchtson uk? t > tU svnsht. i3<. 1. 1 R x > * ^vSr i\v k .K f V tt^ 
Mf}t<-tt 't< < M\« ijShisL jLOi .1*1 to tl t n «lt f t a ( iai p'( tv un >*k! 

1 h<, hvarat,^st <'otn*tm oi ihe veast iiuHriiinittiotiai pn^tciit uuh^'s l>Kvd*-r ch > a 
length mge of sabstratss thaa does t^>e hydratase mlated from Aemmmm m\4ae 
-44- 



WO mam6 nrm^mutim^ 
(Fukus (1998)/ BacitrhL imMl-dni Such a hydmme with md\ a broad 
substrate najge fjads use in ths pro<3«eUon yf a wide variety of copolymers in pimts. 
Thus* the R-speciOc enoyl-CoA bydrasase of the yeast m«lt5r«nc.tK>«ai5 prnteio 
sou a'icd to procUsai R-(-V3'hyur,->\\,scyl-CoA for f HA syntKni^ m pVm 

5 pefOMsoim's, Since tht- R ( )-3-h>dK)'\>;n >l iAvS iK;h>iiasgenas:>s:M,>rtbc y«ii^^ 
muUiftirtcuor^ai protein requii^es NAD; i -.d fhe N As )l l-binding sites, are bcated m 

C-tennmy^ IxMliOfi of the yeast rnuH: UHK;tii>mii protaa, Fdn*'^''* (0'->''?i</ ^^/<.j/ 
Chem. 27(hl74>}-27A57) con^trticted 3 C-wrniiiKUiy inmcotevi fon)-s of the yeasc 

SO ifujltiiitijctjonal ptottiin aad sifKi^srtl that the oiutssii cnzynse cosudtjed es^^y 

R'l*)- j*hy(iraxyacyl-CoA di.'hydf<>gojt;ii^^ aetivjty mni thus demonsinucd thai the 
dek*t<?d C-termtnal portjof- orthefu!{-iength yeasl muittfunctjotjal pro^eift i& essential 
for hydratase activity, Qm &t aL { 1 997) Bio&hem, J, 32J: 21-28 described an 
N-mi0C8ted mt mtMtvmiwmi pmtmn miim aejd residue <lel«tiott- TMs 

1 5 vmimt esKymc remmned Ml hydrstase activity while its dehydrogenasie activity %vas 
tfompteiy hm, TIssse ot«ervaU(?«& sr« in '4!^mmi wjUx lijsr pr^fdicijoa U}«l m 
HAmnimHy tmncated fotm of yeast mtiltvfunctionaJ protein possess hyidratsse 
activity uxsd tsck dehydiogeiiase activity. 

To eagineer a S-etioyl-CoA hyslratsse iimt mtdyms the syatliests of 

20 R-(->bydmxy»cyK-oA, the nmcieotide sequence oncodiag the ytstst msiltifunctiosal 
protei» (OcftBank Accession No. M86456, SBQ iD NO: 3> €a« be modified by silo- 
direct^id mutageaessj:* a«d/of N-termmai ttyacatton to refiJv»ve the dehjfdjx>geo«se 
activity. After analymg pxmmy structure of tlio yc^t mvMtmctims^ protettt, 
two putative NADH-bmdmgt domains {restdiies ! 52-1 SO and restdues 456-484) wersj 

25 5de»tiSed, The^ tt^'O ptus:5\ e \ h.>.i difu domains eacJ) po&scss the consencd Y 
and K thai are a sigtututo N \Df \ bir htj^ ^nv'-> Y I o'^ and K}(>^ he in thv f'-^t 
<. >s\mn whik ^ 4 '8 i 'd vU(> k)tint,< m th^ ^t«,< ad <)' n n, v Uli<- si;," it 

nkni \ii \^hclhv.r thv tifvt do n sn ^ ^ i ou or bosh ol V;-,m ^c^sv,^ k^r 
\ \l> \ \DH htidtif,- U>d t I ! s t tt\ me N XOHbiriin^i s.(tes 

30 f jr bv i^rsntst. So rj! i m wt s i !m mtjor • prok'.ins ;*i.ich as, i<!r 

• x^nspk i r nuu ? *, u ^ >. i «. ^ > imsfio at,id i bstitutioos, Yi6.>^ and 
K 1 69 \ and a c^oad mut« nt t tv>Tnfe ia\ jng e tno a Tf»no atid subsiitotioris Y478F 
and K lii'' A *t>d a th rd r miattt i,ti*s me ha\ mj, tbe toitr atussxo add sisbstttwtsotu, 
,45- 



YK»^, KI6^-\ \4m . .mU h.4$2\ Alts"5Krti\tK, n\o N i«muu!h tju'if.ais'd 
ami K>tlj \ VDfi-bmt.lm<i <.n<:s i ils.''! Mti^-M ^i^s n tn it. 

\ N n m' '< ■.i^>^<i^^^ nan <. \ si muhn )m 1 jI pr f m sit 
foUluiiM Q1D\\> \ TOjc <,()iidc s , i!fh^Uitt.( U<.<5sn5u!!{j tna vmjS 
prottjn set turth m Q NO 4 \ ssmsUir t ppu\5i, ) ujn used t > r <.\is v, oin 
1 0 multi twjctoiai protewi km\m m the art. 

targeting w the peroxbajm' by opembly l«ikin§ a peroxisome-tai^etijig sigjjal 
sequence to the coding sequence for the matsiat mzyrm. 

1 5 EXAMPLE 4: Engineeriag a Peraxisomsl 3-fcetoae>'l~Co A Reductase fnm a 

Yissst Mi^ijfuactim^ }?mm 

R-(->3-hydroxyb«tyFyi-a««2yme A dehydrogenase (aJso&iiOwi as 
acetoacetyl-Cox4 reductase) is e»:»de^ h^'pheB m FHA feksynlhesb in s numte of 

20 mkrwi^ani&^ms. Such R<~).3«h;^'drox>'butyr>'^coeajgfaje A dehydrogenases all 
uUltae HA0FB as the electron donor. In. one report an acctoacetyl-CoA reducia«e 

shown to l>e KADH-depsmimt, but U produced $^-^)-3-bydroxybytyfyi-CoA m 
its prodact (Licbergesell mi SteSnbwchei <i9^) Sm I Bioeh^m, 2^9: 05-) 50), 
A«oitef repori showed tbM mi N A.DH-de|>ettdertt acetoaceiyl-CoA reduciase was 

25 i&olalcd tk>m FanncXKCiii tkmin/kans { Yabutatti ( 1 995) FEMS MkmbmL IML 
US $5-90). SubseiiuesH cfeiir^i^tcrigatioa coiUirtr^ that « utilized NADFH, but aot 
NADii a^; m electron donor (Madisoa md Emsmm (1999) Mkrobml M<*1 Bml Rev. 

\n plam pe- o>;isomes, it is postuisted that NADPH pool is iKTiited vvh-ie 
30 NAHM pmioniinase,'^ \\ i^ fiouhsfu! th;it xhc ph.jH gctic produc;, ;i» ADPH- 

d«pcndef5t f«;duct4ij>ej wiH furscdon ;!t j;>t;fOKi!ion;ep, Ihersjfotv, a new ^joKvaie thai 
irtiijKcs NADH iks the ek^etros donor is desired. The desired enzyme tuuss oSso ix; 
able kJ cotwert 5-aceiya<x-tyl-CoA mi to R'(-)-3-hydroxyb«tyryl-CoA. Preferably, 
.46- 



the dessred enzyme is also capabiy ol convemns? anv 3~ketoacvi~i.oA ro m 

3<.\i Co \s %<Jth 1 . s*- onu^ t ! kn«ti tt V Jt,-^ '-«,<■ n^-^.n^, v <x\t (,*v. ! J\^t. 

ly Based on s«rq»v.«ce xma . si f ru -^trjctu^t; o' th<^ prok^j. twc^ \ \DU hm<i"i > 
\ .es reMdiHti dt the \ ifmui i\ portum ucr uLn! hci. i or ts-.HrpL' lo nuxlueo- the 
uv'Mi<x5 ^ k<,to Jv.\ ttuUvJast the n jcJe^rtid.: s<.queiKe ertcodsng the ^v*■i^t 
multitunctiojui protem be irimcated to pjoidue s nucSeonde se^viotivt Uwi 
«acod«s a C^teriaiMtly truacatsd version of the yeast muhiiimctloMi pfots^j« vvMcli 
1 5 }ack$ the final 27] amtisK) add of amm acid sequence of the yeasi mMhifunetiofsal 
pfcfteinv Tfre C-tm«(oaUy trascaied vex^ion of the yeast m«|tjf«JKtioa&i piXJtehi ?$ §«t 
forth in SEQ ID NO; 7, A nuelmide sequeftce «sRcodmg ths tocared yeast 
mutts&nctiojial protein i§ set forth m SEQ ID NO: 6. 

The desired 5-ketoseyl-CoA reductase can then ks modified, jf nteeessaty, isr 
20 targeting to the peroxisome by operabiy Itnkmg a pem>jisome~target}jig signal 
sequence to the coding sequence for the desired ettayme, 

EXAMPLE 5: A Novel Mmz& Protein with Homology to Yeast 

To search ibr homologoas seqaesecs m mmxe, the ooclcotide seqacncc 
encoding the >*,ms! Ml-Fi iljenBei^k Accession No, VIK64:>6, SiiQ M) NO; was 
nstxi K5 search a Pioc^^cr \h'B:\\\ r.-^.^v/c FST UiMfn.^v. An j-ST cJonc wuh ?ub;^taftt5SJl 
,hom«>k>^;>- Kf tSit- va-.< sdentUied. 1 ht.- 1 }i->2 bp jnas^c t:!i>?>t; was 

sequenced and found to be fulMe igTh (Sr.Q ID N<.>; i) with m oper, reading fraaje 
cnoiHitnga ix^ljpcpr^dc ""14 ^air'O ..h:ii.h(SFQ inNO- !;). h-ik'!V<.t)«j>!y, in 
cotnpiifison, thv ^vas; Xtl P.'? h< ^crapn'^i.-j <,>;'«u ;unui-.> ucid x-quajce wlsiih ib 900 
m\ino acids srt length. Further sequence aj^aiysts reveaied thai the jnasze iimino scid 
se«|ne«ce cotresponds to the C-temtinai pojiion of the yeast MFP2 that h believed to 
,47^ 



be a oA h>dt<it3&c do«iaui (.1 jgim, 2) i nbka tht^ >e3ist VIS i^J the smaller 

mmds VIF P7 pol>pv|nid« ^ad^ the <kh>drog«aav don\\«) «f t k v. »5 1 

Jhui f>n Ih b.i->i<t oI ( > t. ) ^ f j 'VH 

laTj^vkd I iliK xr >\!mv it) !'Ha k a n 'Kr ib o xtil h vjg'i 

peKi\iNomt, ur^c !!!i< sij. Ill i <, ) I <,ui3»s(,t n^.^. Kr (S* m t!/^ 
|K>Jypepude, 

*m T iM ! niikd 10 rn >«s ini ♦"t* i pji, hum vi \M ps^ <. pi m <>.v.vj>. i.' ^^i, h ■v k«i Vt'o 
j>ub. <. UiNt ossv^ }> Ixvi) bcjjt J 'Is it M Pfe v uftt^itt to t »«ig! 

wjmab 1 1 1, vji*.coser> «t ihe nui^is, Mf ?2 hks; pt^lypifptidK. whwh. shares. Mib-sWnd 
nomotogy With the yeast jfidjcates, however that, at least, tiie hvdisme 

ib doi«amofMFP2isalsof«aRdmpJaats, 

Whik the tmi^e MFPl-like polypeptide sjIwcs sigsjfiesKt homology to 
MFF2s from fuagi and masmmals, the xmh& pmtem possesses several notable 
dtfeeftces, h\ ssd<litJ03 to tlie lack of s dehydmgejjase doatmfi* the mms^ MFF2-iJke 
polypeptide 4os$ not eotttams my kmvm peroxbomal-^rgetlng sequences m its H- 

20 teiRmii)ai or C'temtiaal portjons. This Is diffemrt ftmx yeast s»d maiaa^aliaa MFF2s 
which are considered to fee localked itt pemxisoities and play roles in fmy acid 
p~<>xidatton> Thus, tlic emz<» MFP2-like polypeptide 3S likely to ptey a f^iyslologkal 
role in plants that is distinct from that of known MF^>2s, 

2$ BXAMFLE 6: Assaying the Activities of FHA Synttests Eji^'t»es 

w 1 I Ml P2 ( <vv!',»u <l> ! ! i I i > ( 1.0 js Ji, Nu xo V } n \\i i\ 't ix.<. i\ 
i^jv-koi vie se< lu^nces {Si Q ID \0s <ii J -^i s k i» ^ * t' o r . . (,-i.'tb -v^ < t VI 

f iHsk>n!i ^' i,oti \\\m% sta5J(J4J<l tc«,h»iq««.*s kiiowB m list ait for (,\pi«jsbiPi4 
rv;v.omhma«t prmt.}nj> md trasHfomitrii bacteria lot^^ pro'etn evraet-. %)^erc isst3utt.<.' 
irom IP'rCMnduc<.d F < {-Amn BL 21 ) harbormi, a pl^j^mid compn'sjng the 
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nucleotide sequence of S| Q lU NO ^ (pVMJ-PK ^He *mcia~>t Je s«que«<,€ of Q it) 

ot the tumcited pjotctm. v^eic le&kd usi the twKtiotuI <i!,viv 6<, Vm<«,( a'h 
i us roKd m fj^^ure 4 11-e i,kS<, mj^ n i.<, is -(vJ o! ^'s id v H'5\ 

mcubated at .5 ? -(... for two hous-^;. 

\ h« jcsuii < f c ^^osCiik J i * 1 i! <' ^ !u U tth > u ( t!i\ ( >) \ as a 

]() *»uh>tr..k (x^iH ise- s)r •«i>.Jtk>n n is d(, ! < iv,Utur^. ^ ^ > iVa '.'►v.rc fins ,»rn^ed 
\\\ n a nuek'ouJe h u ^i, enh<ii .he fuH !i?n(,\i! s tMst Mf-P N P) xha 
trURWttd V c is{ Mh P: i V > UU, V the <n ii/e Ml !tke po > pef ude ( v MHM 1 he 
v*?ctof-on!> control i FaH*! 1, rcacuotj 1) mdjcated that pol>mer was twt formed m the 
pres«age of CK)tosyl-COx4 without one of the ihsm m^leotide sequences (SEQ 10 

I S HOs; 1 , 3, ajsd 4), Thus, proteins ©Bcoded by each of the ntJcieoti<le se<i«eRCes cm 
catatysse tiK c0»we;fSiOJ$ of a cjtjtenyl-CoAj which is a 2-enoyi-CoA, info 
R-(-)~3-h)''dro>tyacyl-Co.^, vMch cm then be used for PHA synthesis as a sufostatrate 
for VflA sytjf hase. 

Companson of the t^Mve hydratase actmiks^ as me^surod by PHA 

20 fonitatioa, for the jstoteirts encodsd by SBQ JD NOs: 1 , 3 a»d 4 js pix>vtde<i m Figtsre 
5, The hsghest: relative hydrstsse activity was detected in the cultures expresjang the 
niai^e MFF2~like polypeptide (misse hydra^se), foUowed by the tra»caled yeast 
MFF2 (y&m hydratase) and the Ml-length yeast MFP2 (yeast MFP). The results 
ma.oale tiut tlw removal a« N'temwit aJ poittou oi ati MFP2 cm lead to tee^jed 

IS h\ dray V *«, ii\ rv ask sktcm ncd bv mcreas»e<l I HA fraction, when comjwed to 
..^ ds atase ivUxitN Kit he { Ln^h Mi I 2 

tilt > i/v, \*l P? Sik. i« Ik u ) ') J K s<. Us V.St S*H*~ possess s^- 

vkn^ n tk* i.'^n K us^j t i v s\ -t'seMs \ s ^e.l <■> v^n that 2~cnov -t, \ 
30 Mitistt.iks art fuuiJ m pvf x; t ,! . , 't. Ml-P'' ikt p<< vpoj- f <.k .-inJ fk 

m iivutc i ^tas5 \h P„ <.>t il ^ ni . uoi >.«n be ttsig.neJ k) .vn'Xison <. .5 OiJg ^snh 
other necessary enaymes, for FBA synthesis tberem. The results further tlemo?istrste 



that s trsneated MFP2 can pmviide aft smprovemetit in PHA pfoductjon in *m livis^g 
orgsaism, when e»mp8red lo Jhe MW«nglh MFP, 



Readies 










croto lyl-CoA 


vcttoj onlv 


\o 




tfoto >! v>\ 
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cmtoj>U CoA 
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Yes 
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Yes 
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0 ^1 butht 


\o 


? 

i i 









iO hv Particle Bombarrfmes^t 

15 fUtuH fi \1 H n I SS < J ^ ! vUmi Ux^ 

j>r*( , <,k i ut ^ p if<ik' pi* SSI td j r^nsiwrmatJio js perlo ned as* kiilow M«xlsa 
recipes follow beknv, 
Fre;paKa!oriolTai^t 7 issue 
20 rhe rs are ha<Jk«d -md surtace ^mli?ed m >0"^& C bmx bleach plm 0 s% 

er^tsjf for "'G mimrtes ^.nd rinsed mo tin«»s wtth st^r (k wat^r 1 1^ 
immature embryos are- excised asd placed embryo axis side dowjj (scuteUcui? s*de up).. 
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IS embryos psr ptafe* m 560Y medium ibr 4 lioui^ ssxi then atlsiBod mthin the 2>5> 
cm iarg«t mm in pfeparaUo« forfe»ral>8rdmeBt, 
Pf«|wa{st>n of DNA 

pat.i >if;al^^4 onto \ I (.i\cn.^'^ ^umiaLt > lunix-^xtn pciicu isjaCaCi 
precJptatio» procedure as follows: 

100 prejMtred tiiagstea particte m waier 
10 10 Ml <t M) ni Tm EDTA bwfe (I m ^^^1 C>NA) 

100pi2JMC8Ch 
10 ^1 0-1 M ^spemadine 
Bach feagejvt is added se^uenttally to the ttrngstea jwtkk stts|)eR«ioftf while 
m»}ftt8l»ed on the jn«lttt«be vort«x^. The ftml mmtmc h sonicated brle% md 
1 5 allowed to mcubate t«idef cotjsfsfrt vortextng for 10 ttihiutes, Afle the pfecipKafe 
period, the twl>es ate ecnt?if«ged brieOy, U<iiiid jxiwoved, wask^d wsth SO0 ml U>l>% 
efhatK)l o.nd centrifuge^ for 50 $ieconds. Again the liquid is. removs^d, and 105 fit 
1<K)% eth&nol i,s added to ths finai tungsten partiek pellet. For pmsciegun 
bombardmcfjt, thetungstert/DNAparticies are briefly sonicassd and 10 ul sfK^tled 
20 mm ihe center of each mactocaraer stKl tdkvwed to 4iy about 2 mt«utes before 

Partkk Gun Treatrtiertt 

The sasBple plates are bombarded M lev$] #4 in particle g«» sHE344 or 

tKE34-2, Ail sample*? receive a single shot at 650 FSI, with a totd often aO^uots 
25 tato ftom each tube of prepaid partideiS.CkNA> 

Subse^jjacst Treatment 

FoUowmg lsomlwd«3imt> the emkyos str^f k«pt op iti«4i«9* tor 2 M}% 

ihm tmisfemsd to S60R sdeetioa mediutti sonlaimng 3 mg/iiter Bialaphos, and 

suheultwed overy 2 weeks. Allei approxSmaiely 10 weeks of sefection, sekctbn- 
39 tmisfemt callus closes; are transfetred to 2$$} m&Mnm to fettiste plaat regmemtiott, 

FoilowiRg sotttailc embryo matutsooa (2-4 weeks), wdMcvdopcd somatic embryos 

are tratjsferfed to itsedium for gersiJtMtloti and tra«sfeffed to the lighted ««h«re rootsi. 
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tran*.fmcvl to inserts «> jLus Kqui%a o 2 ^ { o*) <,o aussnj; n--U» ^ -i^il *tnu 
U>r ? v.oe* itiiiw ms*^ chamber %uh->c]u<. K < » n iiiUsonti *-"'VM\k^!n 

^ It IS mo Mto V J <trid N<,oixd lor PHA content astd'or thv avti^ «^ or k\ vl ol 

enxv'i«!i of the irivt;«ts<«v. 
Bom bardment ma i^ulture Media 

h{ I 0 v? ) Mivfov* m P 4 n jn 1 2 S!s ^» ] ( prt^l'SsL iho wht o vo 'me 
vMtl I nU'to ou)n^ uj Nt)uitn iH ^ 8 \Mih K.OH> 2 )g 0<.!nk »ad Li at vi 

ilie medituR K*nd coohog to mom temptfratutei bt,itfk.uo« meditMn (56UR) i.oojfins*>> 
i 5 4,0 g/1 N6 basal saits (SIGMA C-1416), 1 .0 ml/l Eiiksson's Vitamin Mix (I UOT^X 
SiaMA-151 i), 0,5 Mg/I Mmiim HCI, 30.0 g/l §t(C.fOS«, mid 2,0 mg/l (feougM 
m volume wUfe H^O foUowjng adjwstment m pH 5.S with KOH); 3-0 Qtlrkt 
(added aSer bd«ging volume tvith D~i i-IsS); a«d 0.85 mg/I stiver «il3f»te atvd 3.0 
mgl hmhpho$0>oih added afier ^miking the Biedbm 884 cooJmg to mm 
20 temtjeratare). 

Plant («generatio« medium (2<8SJ) composes 4,^ g/l MS salts (GJBCO 1 1 i IJ~ 
074X 5.0 ml/f MS vitetks stock solvstm (OJOO g r«ca£t»ie acid, &M g/i thi^ine 
BCL, 0. 10 g/l pyridoxme HCL, aad 0.40 g/l glycine bm«ght to volume %vith polisfeed 
D I H-O) (Murasbge and Skoogil^a)/^^^^^/ Pimi US 473), lOCJsjg'l 
25 mo\.m 0 •T)g<l ?caun 60 g ! and 1 0 mM ol 0 1 mM t, acui (hiouaht 

to vt?H.me v», h poiiNk\l I) I !Hh»i\ef aditjsUf o to j h •> 6) ? . vjtin v u<- 1-^ 1 

I iUpjKN^KKtt * ^i.! / ! Ci. 3! i UO-> i.,tONS*< > ikiiTK!!,, te 

mvuum (2 otr is<.s., ^ a stS . ,*{ji<0! I 0'4) ^un l Ms 

i,iah\ml^l lO-i .„ ho^j^ht t m^Iu )'<. pob htJ ) Hi-.'! * 
gfl myo-inositol, md 40.0 g<'i sucross (brougfet to vohimc with polished 0-1 H^O after 
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adjtt$tiag pB to 5.<V); md i> g/l feactoagar (added afler bringing to volume witl* 
polished m BjQl $tmlk«d mi cooied to 60* C, 

EXAMPLE Froductbn of Tiansgeuk Maia^ Plants vb J^<>,'^«<?/«;w«-Me<liate<l 

the meihixi <\Vh.K> h vn5pK->>t;o { > Paiem No v81<H;'. vin i P( I p w-f pub' tsj 
{ 0 W098/r 2326, :h£r contenJN ot « h«h are hcreb> i««ios p «^rii*ed h\ j etcj^'-tcs;' Bneflv , 

vusa'en:>.uiit oi ig^uhaaermm, wkfc the Kn,Ur}o >5<e va|.vbk ot Ininslvnu.g the 
nucicodde s«.'q«ence of the mveniJOH to at Se^^t otK oeli of at l<*<js»{ am of the inmrnture 
oribryos («jep I : the Mecuoa step). In this &i&p tlie inuwaivae embryos ajE« prefemyy 

1 $ jn«»ets«>d in a» Agmbaeiertam suspension for Uie initiation of inocaiation. The 
^ismbtyos ««H;«liw)E«a for a ttftj* with the Agrvkmier^m (step 2i tli$ co^uitivg^ow 
step). Freterably the jjjsjnattffe embryos are cnittjjfed »n solj<l medium following the 
infection sstep, Following thts co-cuJtivatioa period m optioaal "resting" step is 
contcmpimed. In this resttng step, the emhryos are iscnfested m the presence of m 

20 least one ^tibiotic knowa to inhibit the growth t^rAgmbaetcHum without tilje 

addition of a selective agmt for plant transfortRants (step 3; resting step), Prefej^ly 
the imtsamre embryos are cuUure4 on solid medfi«» with antihiotie, hut %vithottt a 
selecting ageat, for elimirmtton 'dfAgrobitcfenim and for a resting phase for the 
jnteeled cells? Ne\'{, inoeubteii esnbryoi* are cuitared on medjam eonlsmmg a 

25 ^^eicvtnc agestt And gamiug ts^mtosmco <.Ai\u\ is ku>\ itcd (.s;cp 4 "nc ^datum 
-•'Of) l^^etcrabK, :Ik' -nuutuu^ c^biMJs ..nt. lUuik i on wld medum . 
H'k^tj'.t agent T<fi.ifU in (he ^<;ic^,t^\v- I'luvuh <d u uisSo-rrc(U- K ibo <..db - n 
thcr rtfj^cnerat(,d tnto plarts (si«,p5 the ixgent,r,UK)n >{tp>, <iiid prtjkra ■> % ^d\h ^iKi<^n 
OR selective medkim are euNttred on soKd ntedium t» regenerate the plants. 
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EXAMPLE *>: PrMuctidn of Trajjsfontted xSoybeant Flams 

5 5t>ybea« unbryos* art bcs«yf4«J \\ tth a plannui tomf tusjng nuUeoNc 

s»cq««ftce of the m^enuon enwdlag asti e«^vmc m^oived m PIH wMhc<.«s Ofperibh 
NukciJ to d ited prtffermi ds» kUiovts To mduce somatic en»br>i>s, vOi\ kdm^ 
3»5 m«5 in length diss»ected ftxm iurfi«<*-%tenlue*l, immature jttxd-* oJ thf u-v bean 
cultivar A^87> are cuHi«x*ii m th«* hght or J irk at on; an^oipp opsnK u^^r 

viuNki^ o{ ■^omai(„ t u 1 iu >'icd as edrl>, gJobu58r-*.tage<l $mN>i->s, the 

MKpvtisi *rt^ art jn *» M i^ii s^vksC" > Iht m 

15 <*n a a^njr\ shaker iH^rjw at <, tx^'h 1 orv.st,(.i,t hf23nson^i I?- S ho if di>\ ns.ss> 
&*.htidu{e C ultutvs arc subfvUiturcd v;ve v tvvo week? by sfioculatijig appfovmaieK 
33 mj* oi tissue mro 3? ml ol .hq$sTd msdnim, 

So\ ix.an emb'~\ Oj.'fi» s*. sftiisi > i i.ukutvs m a then I'^c ti A5^N*oa d U 'ii 
mctxiod ot p^atitlc gim bontbarcmcnt (KJaft ^'i ui Satan. i\ <>rtion > V ?0'7\ 

20 i 4tei>t No 4,<J45.050) 4 r>u Pom BioU^tic PDStOOO/Hh ms,m*meiit (hetmrn 

retrofit) can be used for ttee trmfonuatbus, 

A selectable marker gene Uiat cati be used to facilitate soybssa traasformation ts 
8 trjHBge«e composed of the 35Spr(.>mo^er fmni Cauliflower Mosaic V\tm (Odd! ef 
al (19$5} Nafitf'^ J/i:8IO-§I2), the hygromycifi phosphotjansferase geae 6om 

25 piasmjd pJR225 (fmm £ Oritst al <i 9«3) <3«ff^ 25:179-188), aad the 3' region 
of jhe aopaliae sytsthase from the of the Ti plasnwd t>t A^otmieHmi 

mnwfacUm. The expression cassette comprbmg the nucieotide scqtsence esf the 
ifivcfttion operably Imked to the secd-prcfemjd pmmotcr can be isolated as n 
resiriction ftagmfist. This frsgm*?st cm tbea be mjserted mto a trnique restricUon site 

30 fifths, vector caffj'ing the marker gene> 

To 5ii ui oia 60 mg/mi I jim gold partick? susponsum is^ added tiii ordsrV 5 
DNA (i Mg4«l)> 20 ^1 .spermidine (0.1 M), aid 50 jil CaCi^ (2,5 M). The panicle 
preparation ts then ag.itiUed t<>r three minutes^ spun m » microfuge for 10 seconds and 
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the vojx.twwrtt mn* vcd Tht D\ A >.oAt^d port vJei^ *ta lljcn ashed otK^r > -nXi 1 1 

N \ uvikd yAd pajtKks iKn low Kh to i k 

< n en *5 i petn dj<.h *ifid tl t, rt^'iidtui It^aul (etno\ <.v twm u Axst \\« u 

normally bombaivled- Membrane f»pnite pressure is set at 1 100 mU md the ckvmber 
is evact^ted to a vacuum of 28 ittches mercury. The tissue js placed appmximaiely 

10 3,5 iaches! sway iyom the malnbg screen asd bombarded three tin:K;s. Follo%¥ilag 
bombardmsjiit, the ti^ue can be divided m half md placed back kto Uqujd mi 
cvkmd as <kscnbed above. 

Five to sevea days |sost bombardmefli, the liquid media may be exshasiged with 
fresh media, and ekvea to twelve days post-bombardm«nt with fresh m&S& 

15 wntaining 50 mgfm\ hygrotnyaft. Ttiis selecti ve media cm be retVe^ed weekly. 
Seven to eight weettst post-bomhsf^nent green, transferaied tis^e tjjay be obsei'ved 
growing from m{raMformsd» necrotic ejiib^'ogestc clMste)^< Isiokted grees tissue is 
mnoved and i«oc«tated into individual fl^k$ to gmer^te new, cionaJly psopagated, 
trasjsforRted esjbryogeak saspejmon caitui^. Each mm liae may be treated as: arv 

20 indepesident ttaaisformation ©vent. These suspensions can then be subcuitured and 
maintained m clmter^ of imms^m* embryos or regetjeraied into whole plants by 
maturation and gemiiinatjon of mjn U( M m-c-- 

2$ 

Sinfiows-f meu<-u Ui --u's ise ^'^s^ r*-^ mcd ajU ^\pc-<-iO'^ L^«>j<.t':; 

PiU % 1% ■Jihcsis oj?erv blj Smked kf a s.eed-pretcrr<,d ">roniDl\.r k {o<-^ ^ aho 
i- JOp*. n rno-ii N' mber J P 04g6'^i1 lit^rem n■iLorp^»!aK^ h\ '-t. f cr^ nu 
30 KUknsr St bmeberg i-/ im^Fiaf^l SiMm 199-20?) \kiwe 6U{d\H^<jf ^tc^l 
(Hdimtkus mmms L,) are deJt«t!ed using a singie wheat^he^d thresher. Seeds are 
swfeee sterilised tor 30 niMutes it) a 20% Clorox bleacij soiution %vtth the addition of 
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two drops 01 I warn 20 per :>0 ml ot solution. The seeds sre rinsed twice wuh sterile 
fiitstiikd water. 

Split uifbjv(.>mvtUssv\)»aLms an prtp --ulhv ism*. f<.tn!ot of p ouduu'- 
i t m t''>s,U)yi. s« dk is f h \ mK I olio t\<SNiOTU> Ik (iHtp 
I It t,\{ L* tts^it n \«, k I ! i t K buvv*,en tin, pnmordsix Ptt o 

hi MS ijv pi i^td ct t m«.i I! ■! or C BA mul'um tonMstsnk oJ \im ishs^^i mc^ 

J U o<.v mmttA dtmsnts i MuTos^h gt a ai (HO m,\siv> i i^h' < 4 ' ^ 4^ ' s 

She pari ^ \Jtamift additions ^ShtpanJ {l^tdi m I mcf^e'it hJmtqth v mr the i^eneit^ 
hftpunement o/ < fitp>> (I sjvervrtv oi MmncsoUi Press Si Paul Vlftinesota) 40 i 
Mmim mUm. 30 g/l sucrose^ O.S mg/l ^'beaxyi^ammopufine (SAP). 0.25 mg/I 
htdok'^-gicetlc acid (lAA), 0. 1 srig/i gibbemllk acid pH 5,6, m4 U gfl 

15 Fhytsgar. 

The exptos src subjected to iwisaoprojectlk bomtaardRicnt prior tQ 

to forty expJjattits are ptacsd m a circle at the center of a &0 X 20 mm plate for this 
tnisatmenL Approximately 4,7 tag of IJ mm tuugsten micropmiecltbs are 
20 fe^uspcnded in ml oi sisnle fh hulTe' ( 1 0 mVn ns HCl t m.\f t D ! <\ pi ! S 0) 

1 mi il <.juon if ( ' > r M I K ^ 1 a J'. h( r^MiA txNi<, 

throygb a \ H) mm t csv n ^ ^ ^ ^ <. s t i ^les tn 5 m\ 10\)0^ 
partjcie acc<;ien«ion devsce. 

Hisitnut. h^i^L n,* M <iii ItHVK^ s n ^!i 

25 rswi m its m nn > ^ \hnj 5 n < vvv,tO'' vunprssit^^ tfjv, v\'>%ssji0tii 

ir\0h<,d m PHA. s\nlh«.s5sop«^l>h ImkcJ u tht iottris 
if trot-Hivs. J mXC' in^f 'hsthnum Mum fH MO*" \ja ir*,t/t. n i-. Ovscr Ht,d i^\, 
H*> Nk itu! n^'Si Vt/f* inn<n Jsi 18^ Ihi<.p]<Miii i titii »f ,,v.)mpm*n, 
8 Kanamvfir scJtsi ^bk" tn<aiffr u;».nc (i e wf//) Ba«.ienxi tor p\<mi m«isfonn<niot5 
e\ptf{itneptsart;gso%ito\eT«3ghti2S*'t'and 100 RPM continuous ag'tatjon) in Uqtnd 
YiFiyie-dsym(IOgm1%castt-vt}<ct lOgm,-! B*tct<-?ptptotje a*id 1 gj«/i NaCI pH70> 
%x,ith tlx' apptopmtv i!«)b}0UvNf«ijUjre4 Jw baiksui! stram *uy bjtar> pL^t^sd 



wo mam6 nrm^mutims 

mai«t8nan,c<fv Ths: suspensios^ is used when u r^saches ass OD^OO abfout 0-4 to 0<8. 
The /(m3^uT/c,'<w« cells art pcsk-icj and ;c,-,u^pcndcd ai a i'nr<xl DD^OO ^-'i ^'-5 iu an 

MgSOA-. 

5 iFreshl>- boj»b<»ded exphmis ate placed in m Agmfoucienam suspembn, 

mixed, skkI EeS undistorbed for 30 min«te$, Ths explasits are then t?ansterred to GBA 
ftiediuRj and coHSukivate?!^ e«t sarface down, at le^C I S-hour days, Ater tee 
days of cO'<«Ujvatb», the explams am tsransferred to 3748 (OBA medjum kckisg 
growth reguiators smd a reduced sacroste level of 1%) suppfemsjufsjd with 230 mg/l 

0 c«:&)tas:ime aad 50 «sg/l km^amyda suli¥e. Th« «xplaat$ 8i« caStuted for two to five 
w<j8k« m selection aed then ^ranslermd to fre.sh 3748 ntedium Jacking ksBamycsn ibr 
one to two weeks of continued development. ExpJanSs wi^ ditTerenliating, afttifejotic- 
resbtaM areas of growth tbstt have «ot produced ^oots auhahk for exdsjoa are 
tmasfe^red to OBA medium containing 250 cefotaxime for a second 3-<fey 

5 phytohormone treatment- Leaf s&t«ples irom green, kanamycin-msstant shoots are 
assaved *br tlie pre>>enve of NPTH Vl IS A ^nd A>t the presence of trai^sgcne 

NP } U positjxc sijo >! i t t ) P ot vf. hybrid MhO w >,f^o guwii 

^yA%v^(. s^^il J ois MJftKf^ >f(f h7 d tod-. »n s or *,.kd!t) ) rkdunn 

gwx%n under coftd'tJO^N <.tNvt^>x\ toi txphta ( I u-t. l\>^ ih>-^ f t, ds ) i of Ihe 
seedling jv temo\ed. vi I «.m vjctKvil t^hcc Ji> ia«tdi, ir. h ^^x >n i the 
rtanisfoiiYted shnot smx sted tsto ih t nt f he e«ttrc ^tf»i i« %vf v i \\ ith p r if \m ^ 
■^evure tht s»hooi Grafted plsiJts* cjbi be tiansierred to s»od ioUow one \'».et^'^ tjf 

5 v?Vm mlmm. Grafts in soil ate maimaiaed under high humidity eonditiom followed 
by a slow acclitrjatimion to the greejilwose environment. Transformed sectors of To 
plants (parental getteratioi?) tmturing in the greenhoiii^ are identified by NFTII 
EIJSA a»d/or by analysis in leaf sxtracts of enzyme activity of t^ tm^tm etieoded 
hy tl*e mjcleotide sequence of the invention of leaf extracts^ while transgenic seeds 

D kirve^ted frort* HPTII-posttlve T§ p\mu are IdentiHed by similar enxyme acti%'ity 
ajMyses of small pottions of dry seed cotyledcs),?. 
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wo ei.'235M }>tr}YtBM/M<>«3 

AO publKstjotis Slid paieat apphcatnopfi^ majtioned m sp^iihstion are 
}nd.v»«!v« 0t ih. k (.i v)i thofee i>MiQ^ m the art w vvh.?.* ths^ imentJOft pertma& Ail 

iijdnidtuih {jjdK 1 to X pu i I jt <. it 

Kit rt {!!) 1 1 it5js<, ^ 4Rd ftsodific&tions be practiced v,ithin tbc s^cope the 
appsaded tkuss. 
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THAT WHICH IS CLAiM£D 

selected from the groiis consiisung ot: 

ih<i nuvicoiuk sc-j^uencc set ff^rth iu S^<> ID HO K 

(b) a rjvic kof^dc scqutacc encoding the ann i«« add scquctKc set forth in 

SEQIDN0:2; 

(c) a i>iK it. -tq K n<, c h<> v uij? \ <is. '•0"*> sequence idctitUy to the 
micicotuk- jt«.*qucn.v sot Si^nh m StQ ID SO. L 

(d) an sntisense mjdecnide setjueBce correspondmg to the naeleottde 
se*.}«eRce of (a), {h) or (tO; md 

(e> sHtclcaJidc ^txAKJice t\u\ hybddtzes under striijgem co*id«ttom ?o Use 

2, An sspression cassette comprising a nucleotsde s&q ue«ce of a 
tt»cieotid« mokcuk of claim I , said nyeleottde se^«ej)«e 0|>erabiy Mk^ ts* a 
prometor that drives ex|jres$ion i» a host cell. 

3> A host cd! tm»sf«rm«(i with the miptamm cassette ofdaim 2. 

4 . tlie host cei I «if ciaim 5, whcrem spd host cell is selected fmm the 
group co«si$ttng of a plant ceHj a bacterial cel t, said a yeasi cell. 

5. An isolated poivp«ptjde compnstng the mxsm acid setjuence set tosth 
in SL Q ID \0 2, or jmtoo atid sequence ^^a'l vm at ics^t 60*>'« ?>equcncc identuv tu 
liK' amtnc a;. k1 ^^vv^ r ite l*»)th m SI Q If) SO ^ 

synthesis comnrisms;: 

(Ji) pffH't"*!!*^ i<,i!t,i»5^N liUfKcKt^ i'l fi « (.! i^ro! pto in ^ 
( i>) ^>Jod\. vsni^ a j lod'hal <,od » g s(,qi i, is,i, ho n J »v.\hiu 

wheresn sata modified codsnsi sequence encodes a polvpcptKse 



i fflmpriwng a ^*k&h'><K'>1*C'oA i<fductase or a ^'Cnos l-O^X hv^rat^^s- 

<c) toni>ioR«iR5i a hos.{ cdl oi plant wsth van! mot-Ufted vo^img s«rqutf»i«.<f i.»> 
as to produce smd cnzvme m said cdl or said pla«t. 

5 

10 comprises the nucleotide sequence set forth m SEQ ID NO; 4 or b. 

9. Hit ^><,ix*<.i trtif t<.>inpasin<_ hetOiXJ t u^kntu! n 

codi«gs 



10, The (lieilKid of cMm 9 fartfeef composing before transifefmiatbn, 
0|«mbly Iinkmg a tujcleotide sequence encoding a peroxtjseme-targ^ing sipjaJ to said 
modified codJag seq«ctKe. 

20 II, The method of daim 6» wJnetem a* least o«e of a stasi codos 8i>d a stop 

eodon was operably linked to said modified coding ^«5i}«cnce, 

12, A modified coding se<}«ence produced by the method of claim 6. 

25 B> A irasfomiedliosJceil produced by the method of claim 4 

H. A tjaesfomied plaat produced by the method of dasm 6, 

\ A traasgeisic ptot cornpf< nc: )« m ^ ' ome lee** i>nt stably 
10 !)ik*rt<>ti d D\ \ (wslnrt compt ■■o nui l<\)tKli sOt/itnt f npcanh linked to 
prs jsKn'M ilut j' ! <• V - V \ >' i. v>s i < ! ! v^htri^sn nucleotide sequeiice is 
seiiiclea Irom the group ctmsssttiT;;^ of: 

Ui> the iiucleotide {»eo«eo«? ici forth m HVQ tD NO 1 , 
^60- 



(b) a nsicleo?ye sequeiKc encoding the amino add s^s^uence set foith m 
SBQmm: 2: 

<c) a nucleotide ^^^^l^cnce that hvbrid^ J^es \.md<iT ssriagent conduioBjc to the 
Rucl«0t3<fe sequence of (s). 

10 i ^ llu^ risiiii (>• claim I S, %^er«ir! sj-ih! proms^t.^rs aw viivted from the 

gp&u|> C6n$i$tiftg of s^ed-iJecfetred promoters, chemiC8i-r<?gulatebic ptx^moter*;. 

1 7, The |>laRt of (Mm 1 5, whemn said plant k a mostctcot, 

15 

1 8< Hie pknt of cMm \ 1, wherein wM mofiocoJ is sete^ from tite gfO«|> 
coMts&g of mai?A whoat» ric*, sorghum, rjfe, miUet, barky, palm aad ba«afia. 

\% The ptot of cliSiiis IS, whereta said pte is a dkot 

20 

20, ths p\mi of clalai 19, whereia said di«ot is selected from tlie growp 
coMisiitjg of $oybea«, suoffower, safflower^ alMfa, potato, Brmsim $pp,, eottoa, 
tomato* tol>acco aad pmrn. 



23 2 ! , A pkijit gesiSticallv mMiptslated to produce polyhydtmyalfeatioate m 

as 5x^)^!\isonK < -s,iKi \^\ ins <, ^aipftstng; m \\% ^cnymc' 

30 "Hi>.vd 10 a aucK'OU<le i-c^iK..*,^ ^ ivoJ.a^ a p,"ry\jfrgjVA-t.irgeu*5ji a.gna., 

a stabl> scs-ond 1>N -\ co'^sinict compsts "(f ,i nroro^to) that 

dnveji «?xpt«$«;<o« m a plant cdl opct^hl> iijjjked to *i Mxond WKiiftg i,^quci3<,v> vsi^t,ajt3 
said second cxKiiag Sv^quence isopct^bh \ivk<6 to a nuck-otide ^queacc eticodmg a 



|5er0xisof«e»t«rgettng signal mi4 said s«cosjd codiiitg sequence is selected iiom the 
group consisilt!^ <^f: 

(a) Si nucleotide sequence encoding a 2-enoy J-CoA hyd r atase tl^M 
jsv<^P-f>i. ■> . fil in tvv.'Uhe^tsof 

5 ki r^l,^r<xuK UuA 

{4} i\ t\Kk0pJ<, SM.xjuencK' sa ionh so SFQ H) NO 4 
10 a (iUcbottUc se<juence set fortiun $f Q ID NO LassO 

(f} 8 mRHeoti4* avHiuenfe cncotlmg a multjfuncuoMl 

wherein Sie dehydrogei^tse activitj? of said nmhifiitjetiousl 

pmteift hm been eliminated, 

15 22. The plant of ckiin 2 1 > whercm said promoters arc selected from the 

germsijatioa-prcfen-ed promoters, and leat*prefaed promoters, 

S3. The plant of elaim 1 1 » wherein said polyhydfoxyslkajioate sy«tl*3se is 
20 capable of cataiyssiag the sy ntfe«sb of polyhydroxvallcaHoate copolymers. 



24> The plarti of ckim 23, wherein said poJyhydroxyaikanoaCc syi^thase is 
encoded by a »ue1eotide sccjiiersee selected fmm the group eoftsisting SEQ ID N0$: $• 
12. 

25 

3-^ } hi pK<r!5 ot t ijw 2\ !i jtK usmprsiitn^ in Us gercmo i swblv 
inlt^'fakJ innc i>N \ i,onsrvvt nnri^inti J -^tK mo't'r thai dnvv c\ ^tvssK n m a 

m{ cv.!l upt.rvN> Isnket to ^.i ilv^d ^c^uit ^^.heruin vu! (hu i i,<xi t^? 

'jique.uc ciit-Oiies a > ^vctoas. i > v ^ is <. sc !<• operable hnked to a nucieotjOe 



! he pUnI ol eUim ? 1 . vthcretft vn4 third Kodmg, \^qiu«ct ».< fnpnsv^ « 
least p!.*rtioR of ^ tiucieotuk sequence se-lectetl ftom t1i« group Ci>«sisr}ni? of 
'62- 



(a) a smeleotide seq?j«!^<;e encoding a 3-ketoacyl~CoA jeduct^se thai is 
capable of utUkiag NADH; 

(b) a nucleotkle .stiquence set forth in SiiQ U) NO; 3. 

(c) a mscii-oude sequence fofsh w SEQ li> NO: 22; 
5 (u) nuolcXiUvk- R\^!cncc set Wmh in Q ID NO: ^ - 

(e) a nt;cie(>hde sequ^^^^'^ tncmh:))^ a muiSsfiiiKtional protein-2, wherdsj 

(t) the n«ei<?oUde sequence set forth in SEQ ID NO; 6,; md 

0 (g) a ijycleotide se^mice set fortfe ia SEQ ID NO; 23< 



2?, The plmt of claim 25 further cam^kiag in Its genome a staihly 
integrated fourth UHA coftstnsct comprising a promoter that dnves expression in a 
plattt c«U opmbly Hak«d to imth coding sequence, whetan fourth mtdrng 
sequence erscodes m aoe{yl-CoA;acetyl transferase and is operably linked to a 
nud«oiid« ij^qt^v'c «ac«<img s pTui^lsome-UNrpiifiig ^igt^^l 

2S, The plant of elskn 27, wherein smd fosrth coding jsequeace comprijses 
at least a portioa of the aucleotidle sequence set forth m SBO Jt* ^0: 14. 

29, The plant of tMm 21 fUr&iQt comprising in its gctionje a fMh A 
«ot>stru«t ootnpising a promoter shat dri ve* expression in a plant cell opembiy linked 
to a fifth coding sequence, wlie?esa said fifih coding sctjycsec encodes «WJ KADH 
kinase or sstNAD* kinase and said iifth coding se<|iieji€e is openthly linked to a 
nucteo* jdfi s«<|«etvce eocodijig a penoxis<>me*ta^ctitrg signal 

,tO I r.c phnX aiWrnm wherein satd fifth coujng .-equeticc i^onpri^cs a; 
iCiJjit a ixmioTJ of a sujcieofidc saj^cnce selectt,\i from tht: j^roup c^>n;^JSt^nl.■ ID 
NOs;25*2?. 



51 , The plant of claim 21, wbemins plma, h m oilseed plant 
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32 Th<£ p\mt ofdmxr 3 L \s herdtj oii$ee»{ plant iw$ lx*cn g< nc 
manjpulat'jU for the enhanced priKlucUon shon-chmn or modjfiod latt) acidis 



3^ ?lie thajitsiKhsn M v,lKi us s d t sK v i iihu! s.oni ■>uv<.'> itUS 
^ gajoruc a DK 4 o»»n^miCt <. oftip? j^ino a cooi ig si. qxa . for an at. % ~i »> \ o\! Jxist. 
operaWy linked to a proHKji«r tfeat drives expr^siort m a phnt. 

i4 . 1 he nlant ol claj 2 1 , wheixnn Siiid plant produces 
po.) hvt.tto\^ i^kanoatc m lh« c iosrt>} or pkist'd^ or vmls. t>t said plant 

10 

The ptsm of <^Mm 21 , mhmm $ud p\mi h s aoaocet <ir dkot, 

The pia»i of ciatsR 21 , wherein said plant is selected ^om the group 
comistmg of com, myhmn, wtoi, rice, alfalfa, barley^ mtllot, stajfiower, sorghum, 
J 5 safiSower, Brmskit sp, myi coiion. 

37, Trs!>isf<»-i«ed se«4 of the pkst of my one of claims 2 1 to 36. 

38, A pto geaefically i«Mjpai^ed to pmdwce poiyby4roxyalkajioate in 
20 its peroxisomes, ssald plant compnsmg in its genome; 

a stably ifttegrated first DH A coostrwct comprbing a pmmoter that 
drives expression In a plK«t cell opcrably linked to a first coding j?eq«ence, wherein 
$aid first coding $8q«et?sce encodes a polyhydroxyalkaijoate syuUuisc and is uperabiy 
linksxl lo a niicleotidc sequence eneoding a peroxisome-tariicur.g sipaai; 

25 a stably ;.nitt-cfatcu -ccoiid DNA coiisUiiCi Cdmpnsing a piosnotur ihut 

dfive.* expression in a plans ccU < iViabiy linked to a second cod-ng soq«ctKX\ ^vht-teir, 
K\l'd secorid voting seqiitji-scc 4'P.ci>des aiuicct>i-Co^-\:utety| snusi^fefvuic and i,N 
op«:rab!v linkijd to a tuKlcvtsdc s<,qi:t.'rxe erji^odinj;. a pcr«»J,so{ni;-Eargi;lint; ?sgaah and 
aslabi> sak>j.';aa\; 'rar.l DNA i.en\truti compnstng a pnmt^u-^v ;hat 

30 drivvi «,%piessiy« iu u plant cell v'p^uibl} U};K«:d to a ihird eiijdfog ssquenc^\ '>vh>'ft:isi 
said ihird coding sequence is Of>e-;iWy linkad to a n«cieotide sequence i'ikv>di«,t.t a 
pscoxtsome-tai^eting signal and said third coding sequence is selected iioaif fae gtmp 
eonsjsting of; 
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{&) n mc\mti6& sssqiueiK,-© ejicodmg a 3«ketOiacyl-CoA ledisctase 

iS ««p8bfc 01 yUlsKsng NA0H; 
ib\ ii n«ck«tHte sequence set forth s« i>EQ JD HO; 

u > ^ ,iut.kcu(V v^^at !K< set k>! h n si Q in No 

$ isi) tb^' nu S . u . ^t. .tK. ,0 >!< . b Q ID \f> 

has lx>^eiit eiiminatea; ;md 

gemiiuatioiv-prcfen'ed pmmoters, arid leaf-preferred promotmv 
1 5 40. The plant of dsim 38, wherein smd polyhyslroxyaJkanoste s^^nthsse k 

41 , llie plmt of claim 38, wherem said second codiag seque^ics! comprfees 
8t k^t ^ pojiloa of the n«el««dde sequence ^ forth m SEQ ID NO; S4, 

20 

42, Tramfbntsedi seedof the plant of any one of ckjms 3S to 4L 

43, A met?¥)d tor protfocing polyhydroxyalkasoate comprbingj 

(a) grows ng a plant of my one- of claims 2 1 -36 and 3S-4 1 vmder 
25 condmons which arc favorable lor the synthesis of s^d 

piilvh vdttsx vaf k atioale; 
<b) luu Vs. N-sn-. ^ ' d pKr * i r paa-v ihcicoC u«<i 
(c) s?:oUung po5jh>dj\>\valkanoate t'ors said pkifit isr scsxl 

parts. 

.10 

>^4 \ jpf ^i.t ai^^h {»t4JU}*ukied lt>rth<, i^tv^iv.-:. - hi i*- p^ o\j-< sno^ 
at kaaose atcm^v^^^a^e molecule in pohhvdtoJv\Atkaoo«\'' Nvn{ht,sjs, smd planf 
compryng m 'm gtimmc &\ !e^t oiie st<ihl) iocosporated r>K A. c*.»muuct eonipitsjng a 



codmg sequence for an C!V>me mvoived m the svothev!?^ of sskI intern)evl««c 
mokcule^ <iaS<l coding s^quvovX" cpe?8bl> hnk^d tv a promoter ihA. N-^i i<\prv>Sijon 
to 4 piaat and to a nuci^otsde wquence encyduig d |^rcjvtsome-taf s«g ^stjnaL 
wtiercjn s*ai<i s-odsns? sequence ts sekxteJ from the gt^njp concsbtmg ^tf 
5 (d) i nucicot <.*e nie>Ke encoJmg & ;*-eno>i-<\>A hvowtaat; tha: 

V i i juK ssmhcsjsof 
R~f->-:s-hvdn>xvacyl-CaA ; 
<bj .5 !v!vv> sdv N(.v|uetKe set }«MSh m 0 H> NO .""I, 
to) vu-kv^tiJo 'cquence v.-^nipj-j^i ng th^,- 2 cn<-\\ Ci> \ b><1nitast* 
[> doi»ain <>} a multjfijnetiona! protejK-2, 

(J) J * ncicotuk' >-e<| sence lei torih so Slt-?^> U) \f > 4 
.t . ucLnMkk veq icmo i>et tonh in SlO ID \U ! , 
if) <i m<:kiiUtk s^quetice encoding a mulufun;. nmx^i pKitesa-S. 
whereta the dehydrogenase activity oimd maltiBas^mmi 
S pmteifl has beert elimmated^ md 

($) 8 miei^o^iife sequ^sKfe encoding s 3*k«tc?<tcyi«CoA reduclM^ 

thai js eapahk of utUmng 
(h) a nueleotide sequence set forth m SBQ ID NO; 3; 
<J) a neeleotide sequsaice set forth in SEQ IB NO: 22; 
5 <j) the nucleotide sequetice set forth in SEQ ID NO; J ; 

<k) a liudeoiide sequence encoding muhif^nctbual protem~2, 
wiierei» the hydrate aetivity of satd multiftjnctional protein 
has ham eSminsted; and 
(I) the niscleo^de sequence set forth in SEQ I D NO: 6, 

45> The plmi of elasm 44^ wherem said iatemiedsaie molecyle is ao 
R-'f^S-lsydroxy^cylCoA or a 3^ket08cyl'CoA. 

46. Tsraast^tmed seed of the plant of elaistj 44 or 45. 

) 

4" A t vU^k'iHR'd pUM Ctrl! cOiJ5p'5S ^ in t^viS ■>> t <^ kM,Si Otl<i SU'> 

siitegrtiteJ D\' A evinstrud compming a micieoiidc <5equicr,.i. o|X'!a^j\ 1 1 koJ to <5 



promoter thM drives expression m a plant celi vvhej«!n said mwkioJide se<jiieBoe 1$ 
s«l«cted from the group coasisune oi: 

fa> the fuicfcotfde sequence set torth in SEQ ID NO: 1 : 

(b) ^ rucboUtk N<fq««nc<j encoding tte am^no actd sequence set forth in 
S SEQ!DNO::2: 

(c) IK L . cu. •.'K . 'un J <ii <i' ssi :?0*« -otquimx identity to tlj« 
^t'.itvt . c suiia. n c U-Hh m SI Q ID NO I 

(ti) 'jUtsen^v .< i st\|ijencc corres-pondrng to tht* a«ckotM« 
s«q»Cfice ol uO- or <c j; aod 
0 {&) 2 fiucleotide sequence that nybndtzes under stnngent coi^jtions to the 

nvKi^otld^ §eqaene« of (st), 

48, A plant cell geaetically manipuiaited to produce polyhydroxyjslkanoiate 
m its pfefosisomes, said p\mi ceH compmiag m its genome; 
5 a stably isjte^ted lirst DNA construct comprising a promoter that 

dttves e)ipr«ssjoR tn a plant c«l.1 tfmbiy linked to a fmt ctKlmg sequgt^ee, whrniji 
S8»d first codmg ses|»ence encod«* a polyhydroxyalkanoate synthase aad i$ operably 
Unked to s nucleotide seqaeftce «*icodifig a pcroxisome-targctiag $(g«sl; 

s stably rategjated «s!Cotid DNA commsct compnsiag a promoter that 
D drives expression in a plant cell qjerably UrUtcd to a second coding sequence, wherem 
said second coding scqyenee is operably linked to a niicleotlde sequence encoding a 
peroxisonae-targctmgMgna! and said second codsn^ sequcmc sekvsed fix>m the 
gmwp co«s»stmg ot: 

(a) & nutltoude seqtjoncc envo^' -^a a 2 t sx s ! ft. \ n.\ dras that 
5 iM. i S iUh /II V? ihe >\ fuHesis of 

H-i'- -hviii-oxvacvi -coA i 
tf>) iiUK, K, stKi '.eqvt vt, ^vf it nh iji '^l Q ID ^ O ^ 
(c) i n c c<.'t N<.q t i;.oir p isiOt. iK 2 v.fK^ var<*u-»t 
vli lit ' i !t5lu)n-t ora' >ro m „ 
!) (d) a mscieoude secjuence set toitli sn i>£y ID hQ: 4; 

(e) a MscieoJi(fe setjtjence set forth m SEQ ID NO: ^ ^ and 



if) « ttuckotide sequence eficodiiTg a muftjiisnciiojial protekj-S, 
whsrem tfcs d-ebydmgensss activity of mid m?*lt$&«ctioMi 
pmtei« te. been ei jmssatetl 

svtith-ise IS env^^Jtid b'^ a nucleotide s^equetice selected ttv»m the group con<;jst^jjg of 
SEQlD NOs: 8-12. 

Tbv» pLml ceil ol cit^^m 48 turthcr ccraprising ;n itJ^ genonx' a subh 

plamccH opi»rah|v Imknii *o a thrd codmg HHjiK'mH*. v^bcn.ni) Si«d third mling 
:»e(4ue«ce enc<.Kj«> ^ ^-kmhidcy i-LoA rcUucuse And is oi^erabij? iitiked to a iiucieotsde 
s«q«eftee encoding a peroxisome-targeting signal 

5 1 . The plant cell of clai m 50, wherd n md third coding sequence 
««KjpFss«« «i Wml a porUon Ma r*w«l«oU4e 8f«-qw««5;« s«iecl«d from Uj© group 
coasistjsg of; 

(a) a auckotjde sequssjce encodiiig a 3-ketoacyl-CoA reductase that h 
capable of laMmng HADH; 

(b) s nucleotide se<|we set fortfe in SEQ ID HO: 3; 

(c) a nucleotide sequence set forth m $EQ ID NO: 22; 

(d) the nucleotide sequence set ibrth in SEQ ID NO; I ; 

(e) a n«cieottde seq«ertce encoding a mnlUfunctioaal proiejno2, wherein 
the hydmtase activity of said mukifunctionai protein been 
eUmiaaied; 

(f) the nijcleotide seqaeace set forth in SEQ ll> NO; 6; and 

(g) a nucleotide sequmce set forth in SEQ JD NO; 23. 

^^cqucicv* encoder ao acen'K'oA ^ctnvl tm^icrasc ajKl i*. opcf4bl> knktxi \> 
nucleotide sequetice encoding j peanisome*J.irgt.*tmc signal 



